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ABSTRACT
A review of the issues surrounding beach quality management forms the background to the 
current study. At more than 400 locations around the UK the nature, quantity and distribution 
of marine debris was assessed by volunteers. Microbiological water quality assessments were 
also undertaken at selected sites. The study aimed to gather data in a form which could be 
used to assess effectiveness of current management of beach litter and to further assess the 
suitability of the project as a diagnostic and monitoring tool for coastal managers.
The study identified the baseline levels of nine categories of litter around the UK coastline. 
From 1992 to 1994 it was found that the litter was not evenly distributed between the regions 
investigated (p<0.001). Three regions were selected for detailed study - the South East and 
East of England and the Grampian region of Scotland. There was no significant difference in 
the quantities of litter recorded for the South East and East of England. Significant differences 
were noted between quantities of some items recorded for the South East and the Grampian 
regions (range p<0.05 - p<0.001). In all cases distribution of litter was uneven between years 
(pO.OOl). Season was shown to have no significant effect on the quantities of debris 
recorded.
Medical waste is identified as one of a number of potential aesthetic health indicators to 
supplement the conventional bacteriological indicators of water quality. The investigation 
confirms the unreliability of microbiological sampling, including the variability that can occur 
using different culture media and different techniques. In addition, a novel index of the degree 
of pollution is suggested.
The study highlights several ways in which beach quality may be improved. Current beach 
litter management policies are largely ineffective - local authorities should co-operate 
regionally to produce long-term reductions in quantities of coastal litter: A revised water 
quality classification system, including aesthetic standards for bathing beaches is suggested, 
and the development of a national beach registration scheme is proposed.
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PREFACE
This study sets out to examine coastal quality in the context of a practical, 
participative project. It is primarily concerned with beach litter management, 
investigating the current measures in place to deal with this issue and assessing their 
effectiveness. Water quality, as an integral part of coastal quality, and management 
is also examined. The study aimed to gather data in a form which could be used as 
a marker to assess the effectiveness of the current management of beach litter and to 
assess the suitability of the project as a diagnostic and monitoring tool for coastal 
management.
The coast is an important national resource. Uses of the coast are varied - it has been 
traditionally used for leisure and health reasons for hundreds of years but has been 
exploited by a variety of industries such as agriculture, fisheries, recreation, 
development, shipping and waste disposal. Tourism associated with the coast is a 
major income generator (BTA/ETB Research Services, 1991) and thus the 
implications of sewage and other pollutants on the tourist industry are key issues in 
areas where coastal communities rely heavily on this economy. The potential health 
risks associated with swimming in sewage-polluted waters have recently been 
investigated in some detail (Pike, 1994; Pruss, 1996). In addition, of importance to 
the tourism industry is the public perception of the quality and health implications of 
the coastal environment. Whether a risk is real or not, the decision by the public 
whether to visit a resort or not has profound implications to the tourist industry and 
local economy. The aesthetic quality of the coast is therefore of consequence to this 
industry but is often compromised by marine debris, potentially damaging revenue 
generation by coastal communities (WHO, 1990; Philipp, 1991; Paris & Hart, 1995). 
Marine debris is not only visually offensive but may also be a potential health risk - 
sewage-related debris and medical waste in particular have led to beach closures 
(Valle-Levinson & Swanson, 1991); wildlife are constantly at risk from discarded 
items of debris (refer to Paris & Hart, 1995). Coastal pollution, in particular that 
associated with sewage, has recently received extensive media coverage (The 
Guardian, April 16th 1994; The Independent, April 4th 1996) and political interest
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(HMSO, 1995). It is thus a highly topical issue. The current study is a response to 
this concern with the quality of the coastal zone.
Promotion and management of the coast as a healthy recreational resource is 
accordingly extremely important. At present, management of beach and water quality 
are currently independent of each other - both are subject to a variety of legislation, 
none of which integrates the two zones. Indeed, the responsibility for the coast lies 
with a variety of bodies, often these have overlapping obligations leading to 
duplication of effort and thus an inefficient system (Gubbay, 1991; HCEC, 1992). 
However, users of the coast do not confine their activities to one zone and it therefore 
seems appropriate to advocate an integrated system of management. The coast is 
currently promoted by a variety of award schemes (FEEE, 1993; TBG, 1994), none 
of which are entirely compatible or based on current information. However, given that 
at least 70% of all domestic long holidays are spent at least in part beside the sea an 
accurate system of promotion of the coast is of paramount consideration.
Public participation has been recognised as an essential component of coastal 
management (Gubbay, 1994). The public have a vested interest in the condition of the 
coast, it is a resource which affects all communities directly or indirectly and is 
accessible to all. Local coastal communities often have a detailed knowledge of the 
area in which they live and a commitment to the welfare of the coast. It is extremely 
appropriate then to involve the public in management of the coast. In addition, there 
is a need to provide a current and comprehensive system to inform the public about 
the condition of the coast to enable visitors to make an informed decision about their 
choice of destination.
The current study aimed to improve beach quality, including associated water quality, 
by providing a tool to aid coastal managers. The study is based within the framework 
of a Europe-wide project - Coastwatch Europe, essentially a network set up in 1988 
to gather a large amount of baseline data on a range of coastal issues by volunteers, 
and has used the basic method evolved and utilised by the European network. The 
Coastwatch Europe framework is thus the main vehicle for data gathering. The history
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of the project and the method - a beach survey approach - is fully described in 
Chapter II. The method has been compared with others used to gather data on marine 
debris and the strengths and weaknesses of each are identified. Essentially, a common 
core questionnaire is used by each participating country to gather comparable data 
during an identified fieldwork period. The current study was therefore constrained to 
some extent by this framework. However, the current study has developed and 
extended the UK section of the network where appropriate and produced additional 
associated materials to cover a range of aspects to fulfil the objectives of this thesis.
The study was primarily concerned with the aesthetic quality of the coastal zone 
compromised by marine debris, and public health issues associated with beach quality 
and water quality. At the outset of the study a number of core themes were identified 
which affect these aspects:
- Marine debris
- Beach litter management
- Water quality
- Public information systems
- Legislation and education
The impacts of marine debris are extensive. Wildlife face risks through entanglement 
and ingestion as well as smothering and ghost fishing. Of importance to the tourist 
industry are the potential implications of marine debris to human health. These may 
be obvious such as cuts by broken glass or burns through hazardous materials but 
also less obvious risks exist such as those posed by sewage-related debris or medical 
waste. There is also the economic costs of marine debris to local authorities, both 
directly through the costs attributable to cleaning beaches and indirectly through the 
costs incurred by losses in tourism and recreational value of the area. Effective 
management of beach litter is therefore of importance for a number of reasons. 
Under existing legislation beach litter management, is primarily the responsibility local 
authorities under existing legislation. The Environmental Protection Act requires local
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authorities to 'ensure that all land in their direct control which is open to the land and 
air and to which the public has access is kept clear o f litter and refuse, so fa r  as is 
practicable (HMSO, 1990b). Current procedures to deal with beach litter were 
therefore investigated in the current study through direct contact with selected District 
and County Councils. It is also of importance to know the quantities and types of 
marine debris to apply appropriate management techniques. There are a number of 
methods in existence to assess the quantities of marine debris all with advantages and 
disadvantages. These have been thoroughly reviewed in the present study.
The health risks of bathing in sewage-contaminated seawater has received considerable 
attention in recent years. The public health implications of poor water quality has 
made this subject an important issue politically and in recent years a large number of 
epidemiological studies have been undertaken in the UK and abroad to investigate this 
concern. The studies confirmed the increased risk of contracting minor illnesses when 
swimming in sewage-contaminated waters. Media interest in this subject has made it 
even more acute for the government and industries with a vested interest in the coast 
to address the matter. The results of these studies make it of paramount importance 
to reassure the public and accurately inform them about the current condition of 
coastal waters. Public information systems thus become pertinent. There have been 
a plethora of awards schemes, guides and publications introduced in recent years to 
provide information to the public on the condition of coastal resorts. However, these 
are confusing and in need of independent audit. None of the schemes in place are 
providing current information concerning the quality of the water and there is a need 
for both a current and integrated scheme to provide beach users with details of beach 
quality.
A legal framework provides the basis for environmental standards, and is essential to 
promote sustainable use of the coastal zone, protect public health and to ensure 
economic benefits from the resources that the coastal environment provides. There is 
a large amount of legislation - national, european and international - in place to 
address the issue of marine pollution. Of particular importance to the current study 
is the EU Directive on bathing water (EEC/76/160), currently under review, the
Urban Waste Water Treatment Directive (7/27/EEC) and the Environmental 
Protection Act. The Directive on bathing water, in particular, has been appraised in 
detail in the current study.
To promote a wider sense of responsibility to the coastal environment education 
becomes an important focus. The Government white paper 'This Common Inheritance ' 
emphasises the importance of education at all levels in the protection of the 
environment and control of pollution (HMSO, 1990a). The current project has a 
strong educational element and provides a tool for both formal education through the 
UK National Curriculum and informal education through interpretation centres and 
other non-governmental organisation programmes.
These themes form the framework of the study. An extensive and thorough literature 
review was undertaken covering all of these issues and these themes form core threads 
throughout the thesis.
The Coastwatch Europe project has a number of acknowledged constraints but also 
a number of strengths - these have been identified in Table I and discussed in detail 
throughout the thesis. The method was compared with others assessing marine debris 
and it is considered suitable for the objectives of the study. Potential weaknesses in 
the method were addressed where possible by the introduction of quality assurance 
measures to ensure reliability of results. Resources for the study were linked to the 
involvement of the study in the European network and therefore it would not have 
been possible to carry out the project completely independently of this. The 
involvement in the Europe-wide network had advantages in that it enabled a large 
sample size to be achieved, primarily because of the extensive publicity that the 
project attracted. The project was the largest beach survey of its kind, in terms of 
coast covered, documented in the UK to date but in order to achieve this compromises 
were made in the extent of data that could be gathered. Involvement in the Coastwatch 
Europe network also meant that resources were available to develop good quality 
educational materials and to develop the microbiological test kits, both of which 
extended the value of the project considerably and allowed the objectives of this thesis
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to be achieved.
Several aspects of the study were initiated independently of the Coastwatch Europe 
network, but used the same volunteers participating in the umbrella project. Water 
quality determinations were unique to the Coastwatch UK project. The investigation 
was based on existing standard methodology - membrane filtration and most probable 
number methods - but sought to compare a range of culture media and methods to 
ascertain their performance and suitability for a portable microbiological test kit. No 
previous documented study has attempted to investigate both marine debris and water 
quality in a single project, highlighting the way these two issues have been historically 
independently treated despite their inextricable link through public health. Public 
health issues were also addressed through the collection of data concerned with 
medical and sanitary waste. An additional questionnaire was designed and the data 
has been examined in detail and the suitability of the items recorded as reliable 
aesthetic health indicators which can be compared with the conventional 
bacteriological and chemical indicators of water quality assessed.
The use of volunteers to gather the data directly involved the public in coastal 
management issues. This in itself raised awareness of the condition of the coastline 
aiding coastal management indirectly. The provision of educational materials for the 
groups participating in the project extends this process outside the survey period.
Plan of Thesis
Chapter I provides an extensive introduction to the issues identified as core themes. 
This provides a rationale for the study and identifies the importance of the study in 
terms of the need for improvement of beach quality. A critical analysis of the study 
design and materials used for the study is presented in Chapter II.
The results are presented in four sections in Chapter III. General litter trends are 
identified for the UK as a whole. Three regions are then further investigated and 
compared. These are the South East and East regions of England and the Grampian
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region of Scotland. Within each of these regions one county has been selected for 
further investigation and within each county an identified and a non-identifed bathing 
area examined. In additon, the data collected on medical and sanitary waste has been 
analysed in detail.
Chapter IV discusses the data with the aim of appraising the Coastwatch UK project 
as a suitable tool for coastal management. Possible reasons for the variations in litter 
found throughout the regions investigated are suggested and recommendations have 
been made to facilitate the improvement of beach quality.
The conclusions and recommendations arising from the study attempt to draw the 
identified themes together to promote coastal management as a integrated issue and thus 
to facilitate the improvement of beach quality. In order to do this various applications of 
the data have been identified as of particular use to coastal managers. All of these require 
further investigation but through the identification of various parameters of the project 
which are considered of use to coastal managers, the objectives of the study are achieved.
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Table I. Critique of methodology adopted by Coastwatch UK
Aspect of the project Strengths Weaknesses
Use of Volunteers Allows a large sample to be 
achieved.
Involves the public directly in 
coastal management issues.
Allows local knowledge to be 
used.
Reduces costs for data gathering 
Unbiased gathering of data.
Potential for inconsistencies in 
reporting rates.
May produce an underestimation of 
results.
No requirement for volunteers to 
return the questionnaires, therefore 
rely on 'goodwill'.
Unable to train volunteers 
individually due to large numbers 
involved.
Does not allow identification of 
coutries of origin due to potential 
hazards of handling materials
No method of verifying results.
Assessment units - fixed 
5 Km blocks divided into 
0.5 Km units
A representative sample of 
coastline is achieved - covering 
all types of coastline.
Does not require any 
assumptions to be made, unlike 
those required when using 
transects.
Allows data to be mapped for 
every 0.5 Km unit.
Identical blocks can be surveyed 
each year.
Actual area is not constant between 
stretches.
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Beach survey approach Economical - a large sample can 
be achieved at low cost.
Minimal equipment is required
Accurate litter counts can be 
made by inexperienced 
surveyors underinstruction.
Easy to use, can be carried out 
under all weather conditions.
The approach is adaptable for 
use by all age groups.
Allows the assessment of 
materials such as paper which 
would not be included in other 
methods.
Can be used to measure 
accumulation rate and standing 
stock of debris.
Does not allow all debris to be 
assessed - only land-based debris 
is assessed.
Tick box questionniare 
methodology
Easy to complete, do not 
require formal training of data 
gatherers.
Suitable for use by all age 
groups.
Suggestion that this method may 
not be sensitive enough to 
identify problems requiring 
management changes.
Involvement in large 
network
Allows collaboration between 
countries.
Potential for educational benefits
Allows comparisons of data sets 
provising insight into problems 
and threats throughout the 
network.
Limited scope for. 
expanding/altering the 
questionnaire
Certain aspects of the core 
questionnaire are not applicable 
to aims of the current study
Constrained by the timing of the 
main survey
Water quality 
determination
Expands educational benefits of 
project
Expensive
Requires some previous 
knowledge by surveyors 
Requires surveyors to have 
suitable facilites and equipment.
Difficulté to compare results due 
to little quality control.
Nitrate test-strips Provides overall indication of 
condition of inflows in coastal 
units.
Strong educational value
Expensive
Relies on interpretation of 
colour, therefore difficult to 
measure objectively.
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Chapter I
INTRODUCTION
Objectives of thesis
This thesis sets out to investigate coastal management issues in the UK through the 
analysis of data collected by a practical participative project. The investigation focuses 
largely on the amounts and types of marine debris polluting the coastal zone but also 
variously investigates the quality of inflows into the coastal zone, public perception 
of beach quality, ecology of the coastal zone and sea water quality.
The investigation has its origins in the establishment of a Europe-wide network of 
projects (Coastwatch Europe) set up in 1987 to identify the threats currently affecting 
the coastline of Europe. The current study analyses the data collected through the UK 
section of that network - Coastwatch UK, the subsequent manipulation of that data, 
and the collection and analysis of further related data.
The data in this thesis has been collected in a form which allows direct comparisons 
between local authority districts as well as national and regional comparisons. The 
data is in a format which allows the quality of each coastal zone - the intertidal area 
and splash zone - to be assessed individually or aggregated together as an integrated 
unit. The information can thus be used as a marker to assess the effectiveness of a 
local authority's measures to protect the coastal zone and identify needs for additional 
controls. Comparisons between annual data sets and assessments of public perceptions 
of the potential threats identified will allow further refinements of any management 
strategy. An evaluation of the project as both a diagnostic and monitoring tool for 
coastal management policies, in particular beach litter policies, has been undertaken 
through a critical appraisal of the project, the analysis of the data collected, 
comparison with other related data sets and subsequent application of the results to 
current beach litter management strategies.
The coastline is an important national asset (refer to section I 1) and the impacts of 
various forms of pollution are well documented. However, very few attempts have
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been made to assess the condition of the coastline in terms of amounts and types of 
marine debris. Essentially, the limiting factor for such a study is manpower. This has 
been overcome in the current study through the use of volunteers. Use of local 
communities to gather data not only allows a large sample to be achieved but makes 
use of their detailed knowledge of local issues and commitment to the welfare of the 
coast. Public participation has increasingly been recognised as an important factor in 
effective CZM (Northumberland County Council, 1991; Gubbay, 1994). Active 
involvement in coastal issues allows a greater understanding and awareness of the 
issues surrounding the coastal environment. As an additional component, formal 
education materials have been developed to suit many of the requirements of the UK 
National Curriculum and to promote environmental education as a cross-curriculum 
theme. The current investigation essentially focuses on two main issues - marine 
debris and water quality. These are both of considerable importance to coastal 
managers, primarily due to the effect they can assert on tourism, but at present are 
treated as separate issues in management. The current study promotes an integrated 
approach to coastal management and emphasises the importance of public participation 
in CZM.
1 1. Background
1 1.1. General
The coast has traditionally been visited by large numbers of people for leisure and for 
health reasons. In Victorian times the coast was visited for therapeutic reasons and 
many people drank sea water in the belief it would improve their health (Rees, 1993). 
As more people had access to cars they were not confined to traditional resorts and 
the demands of holiday-makers placed increasing pressures on the coast. More people 
began to live by the coast and landowners began to let sites to campers (Sheail, 
1976). Scarborough was the first spa town to promote sea bathing. Other coastal 
towns such as Eastbourne, Brighton, Deal, Portsmouth and Exmouth began to attract 
visitors and the development of railways in the 1840's contributed to the expansion 
of these towns as seaside resorts (Horwath & Horwath, 1990). The coast still remains
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an extremely popular holiday destination, perhaps not surprisingly since, depending 
on various estimates, the UK has between 15, 311 (Gubbay, 1988; Table I 1) and 
18,500 (JNCC & EUCC, 1993) Km of coastline, much of it spectacular. The BTA 
estimate that around 21 million people visit the UK coastline each year for recreation 
(HCEC, 1990) and it has been estimated that at least 70% of all domestic main 
holidays are based at least in part beside the sea (Prosser, 1994). In 1987, 42% of all 
long holidays were taken at the seaside, making it the most popular location in Britain 
(BTA/ETB Research Services, 1987). There are various estimates from different 
regions and sources of the number of visitors to coastal resorts - for example, in 
1990 Blackpool Pleasure Beach was estimated to have had 6.5 million visitors 
(BTA/ETB Research Services, 1991); the UK Tourism Study estimated that in 1992 
55 % of all holiday trips to Wales were to the seaside, representing 3.6 million holiday 
visits (Owen, 1994). The Sunday Times (July 23rd, 1995) reported that 24.5 million 
seaside holidays were taken in Britain in 1994. There is no doubt of the importance 
of the coast to the tourist industry. Reflecting this, many resorts are investing huge 
amounts on seaside attractions - £8.5 million is currently being invested in Blackpool 
on its promenade, trams and illuminations, and £5 million on rebuilding the 
promenade at Bridlington. Twenty million pounds is being invested in upgrading the 
sea front at Morecambe Bay (The Sunday Times, July 23rd 1995). Despite the 
importance of the coastal environment to the economy of the tourist industry and 
many other industries, enormous pressures continue to be exerted on it. It is vital 
then, that the quality of the coastline is maintained at the highest level.
Not surprisingly, beach-related issues regularly receive extensive media attention, 
particularly with regard to water quality and Britain's alleged failure to improve that 
quality within a reasonable period of time after the 1976 EU Directive on the quality 
of bathing waters (CEC, 1976a; The Times, July 6th 1992; The Guardian, October 
28th 1992; The Times, July 15th 1993). The potential health risks of swimming in 
sewage-contaminated water (The Observer, July 5th 1992) and the numerous 'awards' 
given to identified waters and adjacent beaches for cleanliness (The Times, May 28th 
1992; The Times, July 11th 1992; The Times, August 8th 1992) also frequently 
appear in the Press. The media in the UK has extended its interest in pollution on
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Table I 1. Total length of UK coastline.
L ength o f  coastline (Km ) Source
England and W ales 4,411 Countryside Com m ission
M ainland Scotland 3 ,910 Scottish D evelopm ent 
Department
Islands o f  Scotland 6 ,290 Scottish D evelopm ent 
Department
Northern Ireland 700 Ulster M useum
U K  (TO TA L) 15,311
Source: Coastal D irectory for Marine Conservation (Gubbay, 1988).
beaches and bathing waters - particularly in tourist destinations - to Europe, reflecting 
the public's concern with these issues (The Times, July 7th 1992; The Times, June 
24th 1993; The Times, July 8th 1993; The Sunday Express, July 18th 1993; The 
Sunday Times, June 20th 1993; The Times, August 3rd 1993; Which Holiday? 
Report, September 1993).
Marine debris is an issue which has generally received somewhat less media interest 
in the UK. However, incidence of medical and other hazardous waste along the 
coastline have attracted some attention (The Times, June 28th 1989; The Western 
Morning News, May 25th 1991; Evening Echo, Southend, April 16th 1992). In 1994 
the continued incidence of sewage-related debris along a resort beach in Devon 
prompted legal proceedings against a water company (South West Water) when the 
owner claimed his livelihood was being ruined (The Guardian, April 16th 1994). 
Disasters such as the Braer oil spillage (January 5th 1993) attracted world-wide media 
interest and highlighted the threats of coastal pollution to marine wildlife (The 
Guardian, January 6th 1993a,b).
The current study is a response to the attention afforded to the deterioration in quality 
of the coastal zone and stems from the establishment of Coastwatch Europe - an 
international environmental project which was initiated in Ireland by the Dublin Bay 
Environment Group in 1987. The core activity is an annual beach survey undertaken 
by volunteers to collect information relating to the condition of the coastline of 
Europe. The survey, as of 1996, is organised by a network of countries which 
developed from a steering group set up in 1987 and expanded from a pilot project 
undertaken in 1988 involving eight European countries. The first large scale survey 
was organised in 1989 in six countries, including the UK, plus a pilot scale in four 
others. Participation has subsequently grown to 19 countries in 1996.
The European project was initiated to achieve the following general aims: (a) to 
gather a large amount of baseline data in a form directly comparable between 
countries which would provide an indication of problems and threats to the coastline 
of Europe. To date, no large scale survey of the condition of the European coastline
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had been attempted (refer to section 1 2.2.3); (b) ultimately, the scheme was working 
towards improving the condition of the coastline through raising the awareness of the 
users of the coastal environment and those with a responsibility for legislation and 
policies protecting the coast; (c) to directly involve local people coastal management 
through the data-gathering exercise. This not only allowed a large sample to be 
achieved but also served the purpose of raising awareness locally and involving the 
public in coastal management issues. The publication of an annual report and 
extensive media coverage accompanying the launch of the results extended this 
process to thousands of other people nationally and internationally who were not 
directly involved in the survey, including policy makers; (d) to aid environmental 
education. This is another important way of raising awareness. The project was an 
ideal tool to aid both formal and informal education (refer to section I 1.2. b).
The UK entered Coastwatch Europe in 1988. The survey was housed in Famborough 
College of Technology within the Department of Environmental Management and had 
the support of MCS - a national organisation campaigning for the control of coastal 
pollution in the UK. MCS was one of the leading organisations in promoting the 
concept of integrated CZM. It was consulted during the early stages of Coastwatch 
UK but the project remained independent of the organisation.
Successful funding for the project was first achieved from the commercial sector 
through Norwich Union Fund Managers. The project thus became known as Norwich 
Union Coastwatch UK, but will be referred to as Coastwatch UK for the purposes of 
this thesis. It was initially sponsored for one year but following the success of the 
1989 survey, funding was renewed for a second year under the Norwich Union 
sponsorship department. Once again, the funding was for a one-year period. 
However, in order to allow the project to develop, a three-year funding contract was 
negotiated in 1991. This gave scope for longer term planning and expansion. Funding 
covered the employment of a full-time national co-ordinator, administrative costs, 
computer support and materials required to provide microbiological tests and nitrate 
test strips. Printing of questionnaires, support and publicity materials, and annual 
results reports was arranged through Norwich Union Creative Services Department.
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The UK was extremely fortunate to be the only country in the Coastwatch Europe 
network to receive the backing of a commercial sponsor (until 1994) and this was 
reflected in the scale of the survey achieved in the UK. The survey became one of the 
most successful sponsorship campaigns undertaken by Norwich Union (A. Groves, 
pers. comm.) in terms of publicity. The extensive media coverage associated with the 
project helped in recruitment of volunteers and thus the UK was repeatedly the biggest 
contributor to the Coastwatch Europe network in terms of coastline coverage. The 
funding also allowed high quality support materials to be produced for schools and 
other groups and allowed the project to develop to achieve its national aims.
1 1.2. Coastwatch UK aims
On commencement of the present study the survey had been undertaken on a small 
scale (around 700 Km) in 1989, fulfilling the broad objectives of Coastwatch Europe 
(refer to section I 1.1). No national development of the questionnaire had been 
undertaken. For the purposes of this study the UK survey was developed and adapted 
primarily to achieve the following additional aims:
(a) Aid coastal management
(b) Aid environmental education
(c) Explore public health issues
1 1.2. (a) Aid coastal management
Management of the coastal zone involves a wide range of issues - water quality, 
nature conservation, land-use planning, coastal protection and sea defences and 
pollution of the land and sea. There is currently no overall national policy for the 
coastal zone in the UK (refer to section I 5.1). Separate government departments are 
responsible for each issue resulting in a system which lacks integration. Local 
government is responsible for a range of duties - County Councils are responsible for 
strategic issues and District Councils, in conjunction with various agencies, for issues 
at a local level such as coast protection, water quality, local planning, public health,
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beach management, recreation and tourist information. Weaknesses in the present 
system of planning have been highlighted by local authorities with coastal 
responsibilities - in particular the lack of national policy, inconsistencies in legislation, 
inadequate and inappropriate legislation to deal with the coast and poor 
communication between administrative bodies (Gubbay, 1990). It has been recognised 
by many authorities and agencies involved in coastal protection that effective 
management of the coast can only be achieved if it is treated in its entirety. Changes 
to the national system have to come from central government but many authorities 
such as Hampshire, Northumberland, Devon and West Sussex County Councils have 
locally begun to introduce integrated systems of management. Co-operation between 
the various agencies involved in the different issues concerning the coast is therefore 
essential as well as co-operation between neighbouring authorities (for a fuller 
discussion, refer to section I 5.3).
The questionnaire used in the present study was designed to collect information 
concerning all zones of the coast in a form which allows direct comparisons between 
local authority regions as well as annual national and regional assessments and 
comparisons. The data was collected in a form which allowed each coastal zone to be 
assessed individually or together as an integrated unit. The data could thus be used 
as a marker to assess the effectiveness of a local authority's approach to coastal 
protection and to highlight both the effectiveness of existing local legislation and the 
need for additional controls. Collection and exchange of data concerning issues 
requiring management decisions and monitoring of the condition of the coastal zone 
as a whole can aid local authorities to establish a system of effective policy decisions, 
sustained management and plan for the coast as an integrated system.
The project used volunteers from local communities which have a detailed knowledge 
of local issues and a commitment to the welfare of the coast. Thus, comparisons 
between the annual data sets collected by Coastwatch UK and assessments of public 
awareness of the issues concerned will allow further refinement of any management 
strategy. In order to ensure environmental policies achieve their objectives it is 
essential to increase public awareness of the issues being addressed. The direct
\
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involvement of the public in the project aids this process.
/ 1.2. (b) To aid environmental education
The Government White Paper 'This Common Inheritance' emphasises the importance 
of education at all levels in the process of protection of the environment and control 
of pollution (HMSO, 1990a). Local authorities, public bodies and non-governmental 
organisations provide many facilities such as interpretation centres, information 
boards, guided walks and talks to aid 'informal' education. 'Formal' education 
requires schools in England and Wales to conform to the National Curriculum 
(HMSO, 1989a,b). This was established under the Education Reform Act, 1988, and 
requires students to be taught core and foundation subjects in a framework of 
attainment targets and programmes of study. The system allows the development of 
cross-curricular themes. Environmental education was identified as an important theme 
throughout the curriculum and features in the core and foundation subjects. As a 
practical participative project Coastwatch UK provides a pragmatic focus for the 
development of environmental education in general and specific attainment targets of 
the National Curriculum. Participation in the Coastwatch UK project thus provided 
a framework from which many themes, in addition to core subjects - maths, science 
and geography - such as politics, health, economics, consumer and personal and social 
education could be developed. The cross-European links stresses the importance of 
co-operation in the realm of environmental problem solving.
The subject areas and attainment targets of the National Curriculum to which the 
Coastwatch UK survey was applicable were identified using the Education (National 
Curriculum) (Attainment Targets and Programmes of Study) Orders (HMSO, 1989a,b) 
issued by the Secretary of State for Education and Science and Secretary of State for 
Wales and are presented in Table I 2. Many sections of the questionnaire could be 
adapted to fulfil the requirements of several subjects - for example, section B2 
concerning inflows had components which fulfilled sections of the science, geography 
and maths curricula. The involvement of thousands of volunteers of all ages, 
professions and interests in Coastwatch UK raised awareness of coastal issues and thus
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Table I 2. Subject areas and attainment targets of the UK National Curriculum 
applicable to the Coastwatch UK questionnaire (refer to appendix I).
Question National Curriculum subject Attainment target
Information on site:
A1 Geography 1,2
A7 Geography 2,5
Influences from the land:
B1 Geography 3,5
B2 Science 1,2
Geography 3
Maths 1,4
Splash zone:
C l Science 1
Geography 3
Maths 2
C2 Geography 3
Intertidal area:
D1 Science 1
Geography 3
Maths 2
D2 Geography 3
D3 Science 2
D4 Science 2
D5 Science 2
Litter and pollution:
E l Maths 2
E2 Science 3,2
E3 Science 1,2
E3 Maths 2
General observations:
FI Geography 1
F2 Geography 5
F4 Science 2
F4 Geography 3,4,5
F5 Technology 1
F5 Science 2
F6 Science 1,2
F6 Geography 5
F6 Technology 1
Test kits
Science 1,2
24
promoted informal and formal environmental education.
11.2.(c) Explore public health issues relating to marine debris
Section I 2.1 identifies the potential direct and indirect hazards of various items of 
debris encountered on the coast. There may also be a number of less obvious risks 
and in recent years the importance of the aesthetic appearance of bathing areas has 
been recognised (HCEC, 1990; UNEP/WHO, 1991; Philipp, 1992; Stanwell-Smith, 
1993; Williams et a l ,  1993; Everard, 1995; Smith et a l ,  1995 a,b). The increasing 
awareness of aesthetic pollutants has lead to the proposal for revised water quality 
classification schemes taking into account parameters such as litter, faeces and 
sewage-related debris present on the beach and colour and odour of the water. The 
Environment Agency has attempted to develop such a scheme - General Quality 
Assessment Scheme, the monitoring protocols of which have recently been tested 
(NRA, 1996). The association between gastrointestinal symptoms and bathing in 
sewage-polluted waters has been researched in much greater detail (refer to section 
1 3.3). In 1990, the WHO began research into finding a suitable and reliable aesthetic 
health indicator which could be compared with conventional bacteriological and 
chemical indicators of water quality and the likelihood of illness amongst water users 
and therefore be used as a measure of health protection. In the UK the WHO-EHPE-C 
initiated the research. The method developed by Coastwatch UK was found to be the 
only comprehensive and systematic approach to data collection of litter on bathing 
beaches in the UK (R. Philipp, pers. comm.). A collaborative research programme 
was thus established. The Coastwatch UK questionnaire was refined in 1992 to collect 
quantitative data from each unit surveyed on medical waste and in 1993 further 
refined to include an additional report form for specific details of medical waste 
found. A similar form was designed to itemise sewage-related debris in the 1994 
survey (Appendix I). After collection for three years in the UK the method was 
tested in Spain and Denmark. Data collection was organised in Spain through the 
Universidad Politecnica de Valencia and in Denmark through the Forum for 
Environmental Education in 1995 using the same questionnaire, translated as 
necessary. Analysis of the data aimed to respond to the WHO recommendation that
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aesthetic standards and indicators for the quality of bathing beaches and waters could 
be developed and if proved reliable could act as measures of health protection.
The present study was therefore based on a methodology which was developed 
primarily for a data-gathering exercise. This was the extent of the project in 1989 
which was the first national Coastwatch UK survey. Using this as a basis, the 
potential of the project was identified and the additional aims developed for the 
purposes of this research. The basic questionnaire remained in accordance with the 
aims of the Coastwatch Europe study but was modified and evolved over 1990 and 
1991 to allow additional data to be collected and analysed to achieve the aims of this 
thesis. Thus the surveys organised in 1990 and 1991 are considered as development 
phases for the surveys undertaken in 1992, 1993 and 1994 which provide the data 
analysed in this thesis. The key issues addressed by the project are discussed in 
subsequent sections.
I 2. Marine debris
Coastal pollution in whatever form is ubiquitous throughout the world and marine 
litter has been observed in all seas and on coasts throughout the world (Bonner & 
McCann, 1982; Day & Shaw, 1987; Editorial, 1990; CMC, 1992; 1993; Corbin & 
Singh, 1993; Benton, 1995; Jones, 1995; Andersson, 1996). The potential damage 
to the tourist industry, economic livelihood of coastal communities, recreation, health 
and wildlife caused by polluted water and littered beaches is extensive (Cottingham, 
1989; WHO, 1990; Godlee & Walker, 1991; Philipp, 1991; Corbin & Singh, 1993; 
Paris & Hart, 1995). It is somewhat strange that, in the light of this potential damage, 
protection of the marine environment has rarely been high on the political agenda. 
The presence of debris on the coastline can not only degrade the aesthetic quality but 
can also be a potential health hazard to both wildlife and humans (Plate I la,b). 
However, the impacts are difficult to measure and the sources are hard to trace.
Marine litter has been defined as 'solid materials o f human origin that are discarded 
at sea or reach the sea through waterways or domestic and industrial outfall"
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Plate I 1. Large items of debris and fishing gear.
Vehicle deliberately dumped at the shore
Deliberately or accidentally discarded fishing gear
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Plate I 1 (b). General items of debris - cans, bottles and other disposable items.
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(National Academy of Sciences, 1975). Litter in general is defined by the TBG as 
'any rubbish o f any description which is in the wrong place' (Dixon & Hawksley,
1980).
It is impossible to quantify the amounts of debris affecting the marine environment as 
a whole. However, a number of studies have been conducted in various countries 
(summarised by Paris & Hart, 1995) and some general comments can be made 
concerning quantities and types of debris found. It is thought that plastics account for 
between 48 and 99% of the litter on beaches and harbours in the USA, between 50 
and 92% on the East coast of Canada and for 90% of the litter on South African 
beaches (Paris & Hart, 1995). Surveys conducted by the Fisheries Agency of Japan 
between 1987 and 1991 identified 136,000 pieces of floating material in 926,000 
nautical miles. Between 20 and 40 pieces were found per square mile in coastal waters 
and 1-3 pieces per square mile in the Sub-arctic (Paris & Hart, 1995). Although the 
full extent of the problems regarding plastic waste is not known, it has been estimated 
that over 450,000 plastic containers were dumped from the world’s shipping fleet in 
1985. Studies in 1988 by UNEP showed that plastics accounted for up to 70% of 
beach debris collected in the Mediterranean and more than 80% in the Pacific (UNEP, 
1993).
The sources of the debris are varied. Broadly, debris originates from land-based 
sources, including beach-users, recreation, fishing, domestic and industrial waste, and 
sea-based sources, such as commercial shipping, research and military boats, offshore 
oil and gas platforms and sewer systems (Cottingham, 1989). It is now considered 
that around 80% of marine debris is washed, blown or dumped from the shore (Paris 
& Hart, 1995).
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I 2.1. Impacts of marine debris
1 2.1.1. Impacts to wildlife
Marine debris has frequently been recorded as a hazard to marine wildlife, primarily 
via entanglement and ingestion.
1 2.1.1. (a) Entanglement
Cases of entanglement of birds in fishing lines and six-pack can holders and 
unintentional capture of marine mammals in active fishing gear are well known 
(Fowler & Wolfe, 1987; Laist, 1987; Stewart et a l ,  1987; Cottingham, 1989; IMG, 
1989; Slip & Burton, 1991; Philo et a l ,  1992; Harcourt et a l ,  1994; Jones, 1995; 
Mann et a l ,  1995). At least 130 species of marine vertebrates and eight invertebrates 
have been reported entangled in marine debris (Paris & Hart, 1995). Impacts of 
entanglement can be divided into four categories (Paris & Hart, 1995): (a) Large 
items of debris can trap animals, resulting in drowning, asphyxiation, starvation or 
predation; (b) smaller items attached to the animal will impair its swimming ability, 
resulting in possible death from starvation or predation; (c) small items become 
attached to the substratum trapping the animal; (d) small items may impair the growth 
of the animal or restrict blood circulation.
Although the consequences of entanglement on marine vertebrates has been well 
documented, the frequency with which this occurs is less well known. The increased 
use of synthetic materials in manufacture has contributed to the large quantities of 
plastics found along the coast (Plate I lb). In 1960 for example, around 2.9 million 
tonnes of plastic resin was produced in the USA. By 1986 this had risen to 23 million 
tonnes, plastic being used for more and more products (IMG, 1989). In addition, the 
increase in the population living by the coast - it is estimated that 70% of the world's 
population lives within 60 Km of the sea (McIntyre, 1994) - will also contribute to 
the quantities of synthetic materials being deposited on the coast. For example, by 
2025 it is expected that more than 200 million people will live on the coast of the
30
Mediterranean (UNEP, 1991), rising from an estimated 130 million living along this 
coastline now (Pearce, 1995a).
Plastic is a particular problem as it can float and disperse over long distances - 
beaches in the Antarctic have been found to be littered with plastic, and seals from 
South Georgia reported as entangled in various plastic items (Bonner & McCann, 
1982). Plastic materials do not degrade easily (Editorial, 1990) and therefore tend to 
accumulate. Despite this, it has been estimated that the frequency of entanglement is
r-
reasonably low ( < 1 % of individuals affected for most species; Paris & Hart, 1995). 
During the 1992 International Coastal Clean-up, 64 cases of entanglement were 
reported over 5000 miles of coastline (CMC, 1992). Fifty-seven incidents of stranded 
or entangled wildlife were reported during the same event on 4,498 miles of coastline 
in 1993 (CMC, 1993).
12.1.1. (b) Ingestion
At least 160 species of marine vertebrates and two invertebrates have been reported 
to ingest marine debris (Paris & Hart, 1995). Ingestion of marine debris in mistake 
for food items appears to be more common than entanglement (Carpenter et al., 1972; 
Wehile & Colman, 1983; Balazs, 1985; Bourne, 1985; Carr, 1987; Cottingham,
1989). Plastic particles have been found in the stomachs of 63 of the world's 250 
species of seabirds (Cottingham, 1989). Raw plastic pellets are consumed by a variety 
of marine animals such as cetaceans and sea turtles (IMO, 1989). The consequences 
of ingestion include: (a) Physical damage to the digestive tract possibly leading to 
death (Gramentz, 1988); (b) mechanical blockage of the oesophagus leading to 
starvation - particularly common in turtles and cetaceans (Balazs, 1985) but also 
recorded in small fish (Carpenter et a l ,  1972); (c) false sense of satiation leading to 
reduced foraging efficiency and starvation - most common in birds and mammals 
(Cottingham, 1989); (d) potential ingestion of toxic pollutants linked with the debris. 
This latter consequence has not really been substantiated. A weak correlation was 
shown between debris load and PCB levels in female great shearwaters (Paris & Hart, 
1995) and PCBs have been observed in pelagic Sargassum species (Carpenter &
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Smith, 1972). Tarballs and oil are another potential source of toxins, ingestion of 
which by Mediterranean loggerhead turtles has been documented (Gramentz, 1988).
Although entanglement and ingestion are the most common impacts of marine debris 
on wildlife other effects are known:
1 2.1.1. (c) Smothering of bottom fauna, provision of substrata and 
ghost fishing
Sheets of plastic on the sea floor inhibit the diffusion of oxygen into the substrata 
leading to anaerobic conditions. Similar conditions may occur on sandy beaches where 
large amounts of debris have accumulated (Paris & Hart, 1995). This can also alter 
the normal movement of sand particles on beaches (National Academy of Sciences, 
1975).
A positive impact of marine debris on marine ecosystems is the provision of substrata 
for epiphytic organisms. Drifting debris has been shown to support a variety of 
organisms such as hydrozoans, sea anemones, sponges and algae (Carpenter & Smith, 
1972). In addition to providing a substrate for attachment, floating debris promotes 
the transport of epiphytic organisms (National Academy of Sciences, 1975; Paris & 
Hart, 1995). This may, however, ultimately lead to a change in species composition 
and diversity.
The entrapment of fish in abandoned nets results in loss of revenue and can deplete 
fish stocks through loss of reproductive potential (Paris & Hart, 1995). Although it 
is difficult to quantify the impact of abandoned fishing gear it appears that discarded 
nets may pose as much as a threat to wildlife as active gear. Gill nets and pot fishing 
gear cause the most losses to ghost fishing. As many as 100, 000 animals have been 
shown to be killed in nets over a four-year period in Newfoundland (Piatt & 
Nettleship, 1987).
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1 2.1.2. Human health implications of marine debris
Accumulation of rubbish in any environment has health implications. Fortunately, 
most people in Britain have access to good waste and sewage disposal systems. 
However, infectious diseases caused by poor hygiene still occur (Lowry, 1990).
There are a number of obvious human health risks posed by marine debris. Injuries 
caused by marine debris include entanglement of scuba divers (Cottingham, 1989), 
cuts caused by broken glass and discarded ring tabs from cans, skin punctures from 
abandoned syringes and exposure to chemicals from leaking containers washed ashore 
(Dixon, 1981; Dixon & Dixon, 1981). Commonly, ships carry solvents, cleansing 
agents, paints, inflammable solvents and other hazardous materials used in their 
routine maintenance (Dixon, 1992). Accidents are therefore always a possibility. In 
Sandown, for example, in 1976, 43 people required medical examination after 
exposure to methyl mercaptan fumes from a leaking container washed ashore (Dixon 
& Dixon, 1981).
In addition, munitions and pyrotechnics such as smoke and flame markers have been 
recovered on beaches (Dixon, 1981). Fishermen, and those involved in dredging 
operations, are particularly at risk from such items but there are numerous reports of 
injuries to holiday makers who have inadvertently picked up such items (Dixon, 
1992).
In a report published in 1992, ACOPS reported a number of incidents in which 
hazardous containers have been recovered around the coast of the British Isles since 
1976. In several of these incidents, people required medical treatment for exposure 
to hazardous substances (Dixon, 1992). For example, in 1991 Emergency Services 
were called to Newlyn, Cornwall to deal with a leaking package. One person suffered 
nausea after exposure to the package which was leaking phosphoric acid fumes. There 
have also been several reports of members of the public experiencing bums after 
contact with packages washed ashore on beaches (Dixon, 1992).
Less obvious health risks are posed by items of sewage-related debris and medical 
waste (Plate 1 2). Ingestion of sewage-related debris, such as infected sanitary towels 
or contact with blood or other body fluids in syringes could potentially cause disease. 
Clinical waste, such as syringes, found on the coastline have been reported in the 
Press (The Times, June 28th 1989; The Western Morning News, March 25th 1991; 
Evening Echo, Southend, April 16th 1992; Wallasey News, May 11th 1994). The 
potential exists for such items to be the vectors of infectious diseases such as Hepatitis 
B and Human Immunodeficiency virus (Walker, 1991). The concern with the potential 
hazards of finding such items has been addressed by several District Councils in the 
West Country who, in 1991, issued their lifeguards with 'sharps' containers and 
advised them not to go bare-foot on their own beaches (South Western Regional 
Health Authority, 1991). Between 1989 and 1990 Hepatitis B Immunoglobulin was 
issued in the South Western region of England on 36 occasions as a precaution after 
needlestick accidents on the beach (Philipp, 1993). A significant 4% of the needlestick 
injuries reported over the period 1988-91 to the PHLS in the South Western Region 
of England were sustained on the beach (Philipp, 1993).
In addition, other visible pollutants such as discarded food, dead animals, oil, 
containers and tyres commonly found on the coastline have been associated with 
microbiological hazards (Philipp, 1991). In order to address the issue of the health 
consequences of sewage debris and medical waste in the marine environment Philipp 
(1993) posed a number of questions: 1. Are these materials occurring on the 
coastline? 2. What is the public perception of these materials? 3. Are risks being 
posed to the public from infection, injury, aesthetics and wellbeing? 4. What are the 
sources of these materials? 5. Can the effects (if any) be prevented? 6. Who is 
responsible for the problem? 7. What is the cost of mitigation?
It is known that both sewage debris and medical waste are present on the coastline 
(Rees & Pond, 1991; Valle-Levinson & Swanson, 1991; Rees & Pond, 1992; 
McGilvray, 1993; Rees & Pond, 1993; Moreton, 1994; Rees & Pond, 1994; Pollard, 
1996; Rees & Pond, 1994; 1996; The Independent, April 4th 1996) and could 
potentially cause hazards to human health, but to properly address the issue.
Plate I 2 . Sewage-related debris and medical waste.
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Sanitary towel backing
Syringe
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Plate I 2b. Sewage-related debris
answers to questions such as those listed above need to be found.
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1 2.1.3. Economic costs
1 2.1.3. (a) Fouling of ships and fishing gear
Marine debris can cause immense damage to both fishing and recreational craft. 
Fishing gear, plastic bags and rope can become entangled in propellers causing 
damage (Dixon & Dixon, 1981). Revenue may also be lost through the unintentional 
capture of debris in nets (Paris & Hart, 1995).
12.1.3. (b) Costs to local authorities
Very little has been published on the costs to local authorities of marine pollution. 
Broadly, the direct costs are attributable to cleaning beaches. Indirectly, costs are 
incurred through loss of tourism and recreational value of the area and these are likely 
to be far greater than the direct costs.
The Environmental Protection Act (1990) (HMSO, 1990b) places the responsibility 
for clean beaches on the local authority. Local authorities clean amenity beaches 
between May and September. Managing the coast costs local authorities thousands of 
pounds per year. For example, Suffolk District Council estimate that £50,000 are 
annually spent on cleaning the grounds around the coast and picking up litter from the 
foreshore, and authorities in Kent estimate that between £32,000 and £48,000 are 
being spent annually (Gilbert, 1996). Additional costs are incurred by local 
authorities when hazardous containers are found and have to be recovered from 
beaches (Dixon, 1992). These costs rise when containers are inadequately marked or 
when local authorities are not accurately informed of types and quantities of lost 
cargo. One example of such an incidence was reported by the Norfolk Standing 
Emergency Services Working Group (1991) when two containers of a flammable 
substance were washed ashore near Weyboume. The identification markings had 
become obscured, making the substance difficult to identify and the containers had
37
also become damaged. Two hundred residents were evacuated from their homes as 
a precaution. Forty people were treated in hospital following exposure to the 
chemical's fumes. The estimated costs for the initial clearance procedure was reported 
at around £250,000 (Dixon, 1992).
1 2.1.3. (c) Loss o f  tourism revenue
It is logical to assume that people prefer to visit clean beaches than polluted ones for 
leisure activities (Rees & Pond, 1995). In extreme cases people may actively avoid 
visiting an area if it is littered with potentially hazardous and unaesthetic items such 
as sanitary and medical waste. Studies have shown that a clean beach is one of the 
most important characteristics of a seaside resort required by visitors (Oldridge, 1992; 
Morgan et al., 1995).
The WHO and Ministers of Health in Europe reported in the 1989 European Charter 
on Environment and Health that 'good health and well-being require a clean and 
harmonious environment in which physical, psychological, social and aesthetic factors 
are all given due importance' (WHO, 1989). The UK Government White Paper, 'The 
Health of the Nation', also recommended research to investigate 'the linkage between 
the quality o f the environment and health consequences' (Department of Health, 
1992).
The potential risks associated with swimming in sewage-polluted waters have only 
been investigated in recent years and the issue had generally been of low significance 
politically (Rees, 1993). Undoubtedly, public awareness and concern of beach 
pollution is now high and pressure by environmental organisations, increased media 
attention and current research has raised the priority of this issue on the political 
agenda. The HCEC in 1990 stated that the aesthetic quality of recreational waters is 
'becoming increasingly important as the public become more aware of, and sensitive 
to, the risks' (HCEC, 1990). A survey conducted by the Robens Institute, University 
of Surrey, commissioned by Greenpeace UK Ltd in 1987 showed that 79% of 
respondents were aware of contamination by pollution of beaches in the UK. Thirty-
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two percent of these people worried 'a lot' about it and 42% of people responding to 
the survey viewed their local beach as either 'very dirty' or 'not very clean' 
(University of Surrey, 1987).
A survey conducted by the DoE in 1989 revealed that 'sewage contamination of 
beaches and bathing water' was the second most important environmental issue to the 
respondents after 'chemicals put into rivers and seas' (HMSO, 1994). In 1993, 
'pollution and the environment' were shown to be the third most important issues that 
the public thought the government should be dealing with (HMSO, 1994). Sewage on 
beaches/bathing waters ranked third in the environmental issues that respondents were 
'very worried' about. Such concerns will clearly affect the coastal tourist industry.
In addition to concerns of health risks of swimming in sewage-contaminated sea 
water, aesthetic issues can exert a wide range of effects on the amenity values of 
marine and riverine environments (NRA, 1995). These were defined by the WHO 
(Philipp, 1993) as: Loss of tourist days; resultant damage to leisure/tourism 
infrastructure; damage to commercial activities dependent on tourism; damage to 
fishery activities; damage to fishery-dependent activities; damage to the local, national 
and international image of a resort.
Such effects were experienced in New Jersey, USA in 1987 and Long Island, USA 
in 1988, where the reporting of medical waste such as syringes, vials and plastic 
catheters along the coastline resulted in an estimated loss of between 37 and 121 
million user days at the beach and between 1.3 and 5.4 billion dollars in tourism- 
related expenditure (Valle-Levinson & Swanson, 1991). Several areas used by tourists 
in England and Wales have also been reported as contaminated with medical waste 
(Philipp et a l,  1993) raising concerns for tourism.
It is not only litter that causes concern for the tourist industry. Dinius (1981) found 
that discolouration of water was a factor which led respondents to make a judgement 
about the level of pollution of an area. Any visually unpleasant pollutant therefore has 
the potential to have a negative impact on the tourist industry, whether or not it poses
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an actual health risk. The aesthetic quality of the Mediterranean has been affected 
where the enrichment of waters with nutrients entering the sea in the form of sewage, 
fertilisers and other agricultural products have lead to eutrophication and algal blooms 
(Saliba, 1995). This has become an increasing problem in the Mediterranean, made 
worse because of its enclosed nature. The Izmir Bay, Turkey has been reported to be 
experiencing red algal tides and eutrophication is a problem throughout the year 
(Pearce, 1995a). In 1993 pollution-related illness caused an estimated ten thousand 
lost working days amongst local swimmers and fishermen using the Izmir Bay, 
Turkey (Pearce, 1995a). Eutrophication has been reported as a problem along the 
French Riviera, the North Adriatic, in Castellon, Spain, in the Saronikos Gulf around 
Greece and in virtually every other country bordering the Mediterranean (Saliba, 
1995). One of the consistently worst affected areas is the northern Adriatic where 
algae affecting areas of sea water up to 50 Km2 have been reported (Pearce, 1995a).
In Rimini, one of the Italian Adriatic's premier resorts, in 1989 a 40% reduction in 
local tourism was reported as a result of reports of red algal tides (Philipp, 1991).
The Kiel Fjord experienced intense eutrophication in 1983 due to the dinoflagellate 
Prorocentrum minimum (Kimor, 1992). Its development was intensified by the 
weather conditions, warm water temperatures and high levels of phosphate and nitrate 
compounds derived from river run-off (Kimor, 1992). Coastal waters off Norway 
have experienced high concentrations of nutrients and resultant algal blooms are 
common phenomenon (Samayda, 1990). There is also evidence of nutrient enrichment 
in the Baltic Sea, Kattegat, Skagerrak, Dutch Wadden Sea, North Sea and Black Sea 
(Samayda, 1990). In the UK the DoE and the Environment Agency both considered 
that the formation of algal blooms was not a serious problem (HCEC, 1990). 
However, the DoE issued a health warning in 1990 after toxins were found in mussels 
and crabs around the Humber. These were traced back to the red algae dinoflagellate 
Gonyaulax (HCEC, 1990).
Concerns about the effects that pollutants may have on the aesthetic quality of 
recreational waters have led to the search for suitable aesthetic standards of beach and 
recreational water quality (Philipp, 1991). The aesthetic quality of bathing waters is -
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mentioned in the EU bathing water Directive in terms of colour of the water and 
transparency. The Directive also states that the water must be free from 'floating 
materials such as wood, plastic articles, bottles, containers o f glass, plastic rubber 
or any other substance' (CEC, 1976a) but there is no Imperative standard for this 
parameter. A suitable model for aesthetic standards may be the Canadian Recreational 
Water Quality Guidelines (MNWH, 1992) which define the aesthetic value of 
recreational waters as: 1. Absence of visible materials that may settle to form 
objectionable deposits; 2. absence of floating debris, oil, scum and other matter; 3. 
absence of substances producing objectionable colour, odour, taste and turbidity; 4. 
absence of substances and conditions (or combinations) which produce undesirable 
aquatic life.
It has been shown that where visible litter is present in sea water there is also likely 
to be high counts of the bacterium E. coli (Philipp, 1991), commonly associated with 
human faecal material in man (refer to section I 3.2 for further discussion). 
Furthermore, litter in sea water and on beaches has been associated with 
gastrointestinal illness after sea bathing (University of Surrey, 1987). The WHO 
recommended in 1993 that a set of aesthetic indicators should be developed to 
'supplement microbiological criteria for recreational water quality and to help 
appraise the quality o f recreational water and bathing beach quality' (WHO, 1993). 
Long-term monitoring of marine debris can therefore become an important part of the 
process to identify suitable indicators.
The use of aesthetic indicators to indicate water quality raises the issue of beach 
cleaning. Beach cleans have been shown to be only short-term solutions to the 
problem of marine debris (for further discussion refer to section I 2.2.2.b) and, 
although unquantified, may actually be detrimental to the safety of users - if the 
presence of sewage-related debris and other visible items indicates poor water quality 
then removal of these items may mislead recreational users into assuming that the 
water quality is good (Rees & Pond, 1995). This raises the importance of providing 
a comprehensive and current information system to the public covering all aspects of 
coastal quality.
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I 2.2. Monitoring of marine debris
For monitoring purposes, marine debris has been classified according to size (Ribic, 
1990), but more often categorized according to composition, for example, paper, 
netting, metal or glass (Dixon & Dixon, 1983a). Most studies attempting to assess 
types and quantities of marine debris have concentrated on specific items and 
therefore the categories tend to reflect that interest (Mio & Takehama, 1988). It is 
recognised that it is not possible to completely standardise categories due to the 
different objectives of studies and due to the variation in debris found in specific areas 
(Paris & Hart, 1995).
The Second International Conference on Marine Debris (1989) (Shomura & Godfrey,
1990) set up a conference working group to assess the amount and types of marine 
debris. The group divided marine debris studies into two types: baseline and 
assessment studies. Baseline studies were defined as those which determine the type 
of debris found. They are generally carried out on beaches over a large geographical 
area and are of low sampling frequency. Trend assessment studies measure the density 
of debris in certain areas and measure changes over time. These tend to be undertaken 
over a smaller geographical area and have a more intense sampling frequency (Ribic 
et a l ,  1992).
Three main methods of assessing the type, amount and distribution of marine debris 
have been documented. The first is to estimate the types and quantities of solid waste 
generated by ships and pleasure crafts (Dixon & Dixon, 1981). The second approach 
is to collect or observe litter floating in coastal waters (Cuomo et a l ,  1988). The third 
method is to undertake a beach survey (Dixon & Cooke, 1977; Dixon & Dixon, 1980; 
Dixon & Hawksley, 1980; Dixon & Dixon, 1981; Gilligan et a l ,  1992; Dixon & 
Dixon, 1983b).
The first method, undertaken by Dixon & Dixon (1981), requires surveyors to 
multiply the number of people at sea in a given activity by the average amount of 
solid waste produced by that activity. The results are extrapolated to give the total
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amount of litter in the marine environment. The method requires extensive research 
and does not produce a reliable estimate as it is limited by the assumptions made 
concerning the number of ships and pleasure craft using the sea, the size of ships and 
crew and the type, quantity and fate of materials generated.
The second approach can be undertaken in a number of ways. The aim is to assess 
the density and type of floating marine debris. Cuomo et al. (1988) described one 
method which requires the use of suitable seacraft to collect information on the 
distribution and amounts of floating debris. It is therefore expensive and relies on 
favourable weather and sea conditions to achieve a representative sample. This method 
does not allow an estimate to be made of litter such as paper and other degradable 
materials or materials which do not float. In many cases, where costs need to be kept 
to a minimum, this method relies on using ships which are already heading for a 
destination and therefore cannot produce a representative sample since the researcher 
cannot direct the sampling area.
12.2.1. Estimation of marine debris in open water
To sample small items of debris from a moving ship, a net can be pulled along by the 
ship (Colton et a l ,  1974). In order to estimate the amounts and type of large items 
of debris in open water transects may be used. These are defined in terms of width 
and length. The survey width is the maximum distance from the ship’s side in which 
debris will be counted, the length is defined as the straight-line distance covered by 
the ship during observation.
1 2.2.1. (a) Strip transects
In general, strip transects are used to count objects within a specified distance from 
the side of a ship, generating a specified strip width. Different transect widths have 
been described - Day & Shaw (1987) describe a 50 m strip, Dixon & Dixon (1983a) 
describe a 100 m transect. This method may result in objects being missed or items 
being included by mistake. Further inaccuracies may occur as a result of using
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different surveyors, of different weather conditions and of the ship travelling at 
different speeds.
1 2.2.1. (b) Line transects
Here no strip width is specified and all objects seen may be counted regardless of the 
distance from the ship (Ribic et a l,  1992). This may also produce a biased result as 
it relies on accurately measuring the perpendicular distance from the object to the ship 
and ensuring that only objects on the line are counted. However, the line transect 
method is preferable to the strip transect (Ribic et a l ,  1992).
Any methods of assessing marine debris undertaken from ships rely on favourable 
weather conditions and good visibility. The approach does not allow debris to be 
accurately characterised. Size, colour, buoyancy and shape of objects all affect their 
ability to be seen (Mio & Takehama, 1988). In addition, the speed at which the ship 
is travelling and the height of the observer above the water will also determine how 
accurate the assessments are (Mio & Takehama, 1988). Exact measurements rather 
than estimations of angles and distances from ships are required for data analysis 
(Burnham et a l , 1980). Dixon & Dixon (1983a) reported difficulties with this method 
when wind speeds were above force 3, as surface waves obscured smaller items at the 
outer edge of the transect band.
1 2.2.2. Estimation o f  marine debris on land
1 2.2.2. (a) Beach surveys
Beach surveys have been undertaken fairly extensively in the USA (Corbin & Singh, 
1993; Amos, 1994; Ribic et a l,  1994; Benton, 1995) and to some extent in the UK 
(Dixon & Hawksley, 1980; Dixon & Dixon, 1981; Caulton & Mocogni, 1987; Rees 
& Pond, 1991; 1992; 1993; 1994; Dixon, 1995b; Williams & Morgan, 1995). Beach 
surveys are used to determine the amount and type of debris on a beach in a specified 
area at a certain time and to determine how types and amounts of debris on a beach
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change with time. Beach surveys can also be used to determine the source of litter, 
this can be either ship-borne or land-based marine debris. To assess ship-borne litter 
the beach must be known to be influenced by sea currents and other sea conditions, 
have appropriate physical characteristics which collect sea-borne litter and be remote 
from populated areas (Ribic et a l ,  1992).
When assessing land-based debris it is useful to know sea conditions and the physical 
characteristics of the beaches surveyed. It may then be possible to predict which areas 
of the coast are vulnerable to land-based debris from influences such as harbours, 
estuaries and offshore dumping (Ribic et a l ,  1992). Surveys attempting to specifically 
assess land-based debris should not be conducted on beaches isolated from areas of 
known human influence such as sewage outfalls or tourist resorts. Physical 
characteristics of the sampling area should be taken into account (Ribic et a l ,  1992).
There are a number of advantages with using beach surveys. A large sample size can 
be achieved at low cost. Minimal equipment is required and accurate litter counts can 
be made by inexperienced surveyors under instruction. Beach surveys can be carried 
out under most weather conditions and allow the inclusion of materials such as paper 
items, excluded in the method described by Cuomo et a l  (1988). The approach does 
however, produce an underestimate of the quantities of litter in the marine 
environment as a whole since not all debris will reach the shore (Dixon & Dixon,
1981).
Beach surveys can be used to measure accumulation rate - the amount of debris that 
is washed ashore and stays ashore during a set time period; or standing stock - the 
amount of material on the area being sampled at a given point in time (Ribic et a l , 
1992). Ribic et a l  (1992) classified beach surveys into two types: beach-focused 
studies, where the debris on a particular beach is of interest; and ocean-focused 
studies, where the debris on a beach is used as an indicator of oceanic conditions.
To assess marine debris on a beach, surveyors are required to count and classify 
individual items or record them as present or absent (Ribic et a l ,  1992). Transects
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may be surveyed or an entire beach, depending on the aims of the study. Ribic 
identified a number of requirements for conducting beach surveys - for baseline 
studies which record all or a subset of debris on beaches in a defined geographic area 
at a particular time, Ribic further suggests that the following should be recorded: (a) 
Information on the numbers and types of beaches in the population of interest; (b) 
information on influences from the land; (c) previous records of types of debris if the 
source is to be determined; (d) if the study is to look at either vessel-source or land- 
based debris, then indicator beaches should be identified (Ribic et a l ,  1992).
At least two people should participate in each survey - one to identify and one to 
record. Ribic et a l  (1992) recommends that each study should include a quality 
assurance programme which states: the objectives of the study, the choice of 
population of interest or location and any restrictions, choice of debris items to be 
studied, details of the sampling design and a definition of the sampling unit. In 
addition, details should also be given of how the size of the sample is calculated, how 
the sampling units are chosen, how the surveys are carried out and how data are 
recorded, stored and checked. Finally, details of how analysis is performed should be 
provided.
Data are commonly presented as pie charts and histograms of debris type. Non- 
parametric and parametric tests can be used where sampling units are chosen 
randomly.
The Third International Conference on Marine Debris (held in Miami, 1994; Paris & 
Hart, 1995) discussed the methods adopted by various groups world-wide to assess 
marine debris. It concluded that monitoring studies can be conducted in a number of 
ways providing standardised sampling protocols are established early on and basic 
requirements are followed. The objectives of the study will determine the ultimate 
design of the study.
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/  2.2.2. (b) Beach cleans
Beach cleans provide yet another method of obtaining data on the types and quantities 
of marine debris along the coastline. The largest network organising such events is 
the CMC based in Washington DC, USA. CMC organises beach cleans during 
'Coastweek' at the end of September and beginning of October each year. Volunteers 
use standard recording cards which divides debris into eight major categories 
according to fabrication materials and then into a further 65 categories according to 
item type. Volunteers are also asked to record origin of litter, sightings of entangled 
marine wildlife, observations of peculiar items and additional comments. Guidance 
notes on how to conduct the survey, including an identification guide for items not 
necessarily familiar to volunteers, and information on how the data would be used are 
provided. Volunteers are asked to record the location of the beach and the nearest 
city, the estimated distance covered and the number of bags filled with debris (CMC, 
1992; 1993).
This approach was followed in the UK by the MCS in 1993. A national beach clean 
- Beachwatch - was organised for September 18th/19th 1993 to coincide with the 
CMC event in the USA (CMC, 1993; McGilvray, 1993). Volunteers were provided 
with guidelines on how to carry out the clean-up, such as how to select the site for 
ease of access, and safety notes. Data sheets were provided which listed 11 categories 
of debris by fabrication materials and 69 individual items of litter within these 
categories. Volunteers were asked to count items in each category and then remove 
them from the beach. Data sheets were returned to MCS for analysis (McGilvray, 
1993; Moreton, 1994). Results from the 1993 survey identified plastics as the most 
common type of debris on the coastline surveyed.
Data collected by this method must be interpreted in a careful way. Volunteers are 
asked to collect the debris as a primary task and therefore the recording of the items 
is likely to be less of a priority. It is possible that the data collected may not be as 
accurate as it could be if the recording was the major task. This was shown by Amos 
et al. (1994) where trials proved that volunteers participating in beach clean-ups
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undercounted individual items of marine debris by 50%. Additionally, in both case 
studies there was no requirement to accurately identify the beach by a map reference 
(McGilvray, 1983; Moreton, 1994). Site selection for beach cleans is biased towards 
areas with easy access and depositing beaches. This method cannot therefore produce 
a representative sample of the condition of the coastline as a whole. Beach cleans have 
their main value as a public participation exercise and as a way of focusing the 
public's attention on the issue of marine debris. Beach cleans cannot permanently 
solve the problem of marine debris as they do not reduce the quantities at source 
(Simmons & Williams, 1992). They are only really applicable locally and are 
expensive and labour intensive.
1 2.2.3. Case studies
Prior to 1989 the largest beach surveys in the UK were undertaken by the Keep 
Britain Tidy Group (now TBG). The Marine Litter Research Programme was 
undertaken in several stages in response to complaints about increasing amounts of 
litter on UK beaches, reports of injuries sustained as a result of glass and other 
potentially hazardous objects on beaches and declining aesthetic quality of bathing 
beaches (Dixon & Hawksley, 1980).
Preliminary surveys in the 1970's were undertaken on a 4.8 Km stretch of coast near 
Dover (Dixon & Hawksley, 1980). The study aimed to determine the main kinds of 
plastic containers and their abundance; identify geographical origins of containers; 
quantify retention rates of containers on different beach types and assess the 
persistence of plastic debris. Plastic containers were identified as the most common 
type of debris and were therefore used as an indicator to identify sources and 
movement of debris from ships (Dixon & Hawksley, 1980).
Mark-recapture studies were subsequently conducted at Sandwich Bay, Kent to 
identify types and quantities of discarded containers, geographical origins, shore 
retention rates and persistence in adjacent waters (Dixon & Cooke, 1977). The site 
was chosen because of its situation in confined waters heavily used by ships but not
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influenced by humans, high frequency of onshore winds and variation in beach form. 
Three sectors, each 1.6 Km in length but of different widths, were selected each with 
different physical characteristics. One hundred and sixteen visits were made to the 
study areas between October and March 1973-1976 (Dixon & Cooke, 1977).
The composition and relative abundance of containers were estimated from areas 
characterised by transitional beach types. All containers found on the most recent 
high water marks were removed and the contents and textures of the containers were 
recorded to determine the composition. The country of origin was determined from 
labelling, instructions, mould specifications and overprinting. However, the results 
indicated that in many cases the production centres often differed from the locations 
in which they were marketed (Dixon & Cooke, 1977). The shore retention rates of 
plastics and glass containers were determined using mark-recapture techniques. Four 
main characteristics of design and details of manufacture were identified to determine 
age and thus persistence of plastic containers in adjacent waters (Dixon & Cooke, 
1977). Results showed that out of 2988 containers recovered from a 1.6 Km stretch 
of coastline over 116 visits, plastic containers were the most abundant (Table I 3). 
Results from dating 429 containers indicated that 87% were less than 3 years old at 
the time of recovery (Dixon & Cooke, 1977).
In 1978 the programme was extended to assess marine litter in Western European 
waters and to develop marine litter surveillance methods for use on UK beaches. 
Between August 1978 and July 1980, 170 sampling units were identified along the 
shores of the Cherbourg Peninsula (France), West Jutland (Denmark), Portugal and 
the Western Isles of Scotland (Dixon & Dixon, 1983b).
Eight study areas were chosen in each country according to physical characteristics 
that meant that they were likely to accumulate litter. (Dixon & Dixon, 1983b). The 
approach followed by this study is in accordance with the guidelines identified by 
Ribic et a l  (1992) to assess ship-borne litter. Within each study area potential 
sampling sites were identified according to their accessibility and remoteness from 
land-based sources of litter. Those sites used in the study were selected randomly
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from the list of potential sites.
At each site three 5 m transects were established extending from the foreshore to 
visible high water mark and 30 m into the dunes where litter was known to 
accumulate. The following data were recorded: Total wet weights of the main 
fabrication materials and the density of litter (excluding any items greater than 15 Kg 
and timber) in each foreshore transect; frequency, materials, geographical origins, 
ages and original contents of containers; distribution of containers; distribution of 
plastic fragments by their presence or absence in 1 m2 plots in the transect line.
In order to collect containers for dating, 2-4 observers walked along the foreshore 
parallel to high water marks for about 1 Km. All containers were examined and 
samples collected. This was repeated in the foredunes at each site (Dixon & Dixon, 
1980; 1983b).
Data was collected in Portugal in April for 13 days and in Scotland in July for 16 
days. Composition and quantity (from the relative weights of the main fabrication 
materials) of beach litter at sample sites was recorded. Containers were categorised 
and counted (Table 1 4). Most containers were found in the foreshore zone and more 
than 50% of all containers sampled were made from plastics. A significant difference 
was found in the composition of container samples by fabrication materials between 
semi-enclosed and oceanic waters.
The studies conducted on the Eastern North Atlantic Ocean at Portugal and the 
Western Isles of Scotland concluded that marine litter showed widespread distributions 
on beaches of the English Channel, North Sea and North Atlantic Ocean and Western 
Isles of Scotland. Disposal of shipboard-generated solid wastes by dumping at sea was 
confirmed as a common practice throughout Western Europe and dispersion of 
surface-floating solid wastes and plastic fragments is widespread. This is confirmed 
by studies undertaken in other countries which have also shown the extent of plastics 
in the marine environment (Pruter, 1987; Corbin & Singh, 1993; Dubsky, 1995).
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Table 13. Composition of containers recovered over 116 visits to Sandwich Bay, Kent 
(March 1973-1976) using mark-recapture techniques. The survey was undertaken by 
Keep Britain Tidy Group.
Item Num ber recorded
Plastic containers 1134
Glass containers 960
Metal containers 739
Paper containers 117
Wood 17
Rubber 9
Unidentified 12
Source: (Dixon & Cooke, 1977)
Table 1 4. Containers recovered in eight study areas over a 13-day period (Portugal) 
and 16-day period (Scotland), 1978, using 5 m transects. The survey was undertaken 
by the Keep Britain Tidy Group. __________________________ _______
Item N um ber of containers 
counted (Portugal)
N um ber o f containers 
counted (Scotland)
Plastic containers 367 792
Glass containers 80 293
Metal containers 113 204
Paper/board
containers
9 83
Others 12 42
Source: (Dixon & Dixon, 1983b)
The study also considered that standardised methods for the surveillance of marine 
litter by beach surveys had been developed (Dixon & Dixon, 1983b). To select sites 
in this way does not provide a truly representative sample of the coastline and only 
broad conclusions can be drawn. The data cannot be statistically compared between 
sites since it was collected at different times of the year and with different frequency. 
It cannot therefore be used as a baseline study. However, its value is in determining 
the amount of litter in areas expected to be heavily littered.
Stage 3 of the Marine Litter Research Programme was undertaken between June 1978 
and October 1979. It aimed to identify the types, distributions and characteristics of 
litter occurring on the beaches of the British Isles. This stage is the most comparable 
with the survey methods developed by the present study - Coastwatch UK. The survey 
was conducted by volunteers by means of a questionnaire which included instructions 
and recording sheets. Participants were asked to select survey sites in any location 
where litter was clearly visible (Dixon & Hawksley, 1980). Surveyors were asked to 
select sandy beaches in preference to other beach types as litter tends to accumulate 
in areas of wide reach zones and shallow beach face gradients, and sandy beaches are 
popular with holiday makers, thereby allowing litter from these sources to be 
assessed.
The survey was designed to be simple, for use by school children, but detailed and 
interesting enough to collect adequate, accurate data in a format which can be 
analysed by computer. Belt transects were used since a pilot survey indicated that 
these were surveyed more accurately than larger sampling units. Both the foreshore 
and backshore zones were surveyed by belt transects to allow inclusion of the litter 
which had accumulated during the winter (Dixon & Hawksley, 1980).
Surveyors were asked to record the presence or absence of 13 litter categories, 
construction materials of containers and markings on containers. The survey was 
conducted in 797 areas throughout the UK between June 1978 and October 1979, by 
volunteers of all ages recruited through the media. Forty-five percent of all returns 
were from sandy beaches. The report confirmed earlier studies that litter, primarily
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plastics, is widely distributed on the beaches of the British Isles (Dixon & Cooke, 
1977; Dixon & Dixon, 1983b). Wood, metal, glass and paper were also widespread. 
Trends in original contents, origins and seasonal occurrence indicated that most 
containers (except metal drink containers) have been discarded at sea. Regional 
variations in composition of litter were also identified, for example fishing nets were 
widely distributed on the beaches surveyed around the North Atlantic and North Sea.
Tidy Britain Group considered that the use of belt transects were suitable for use as 
an international marine litter surveillance system and the use of volunteers was 
established as an appropriate method for collecting data. The limitations of the study 
mainly concern the details requested with regard to containers, for example, 
identification of the fabrication materials, particularly when the container was made 
of more than one material; details relating to the markings on containers were often 
incomplete due to partial degradation; details of the dating of containers were often 
not recorded; the definition of a container was left to the surveyor (Dixon & 
Hawksley, 1980).
Further criticisms of the design can be made: (a) The sites were selected by 
participants in any geographical location and depended on easy access. The survey 
was aimed at 'sandy' beaches and thus primarily depositing shores. The results are 
not therefore from a representative sample of the coast, (b) Locations of the survey 
area do not appear to be adequately recorded. Surveyors were only asked to record 
the nearest town or village and the county of the sample site, (c) Surveys were 
conducted at any time over a 16-month period. Areas cannot therefore be compared 
and it is not even possible to give an accurate picture of the condition of the coastline, 
(d) Narrow belt transects (arms width), whilst allowing all objects to be counted, may 
not be a reliable technique because the sample size would be small. Burnham et al. 
(1985) showed that wider line transects are preferable to strip transects as they avoid 
strong assumptions. Bias does not increase as transect width increases and the analysis 
can include all the objects detected.
A second national litter survey was organised by TBG between 1981 and 1988. A
53
total of 3105 reports were submitted by volunteers. Packaged dangerous/harmful 
goods were reported in 20 cases, there were 10 reports of munitions and pyrotechnics 
and 115 reports of clinical/medical wastes. Volunteers were asked to identify and 
record all items of litter in a belt transect, 10-20 m wide, from the waters edge to the 
backshore zone of beaches known to have visible litter. Approximately 50% of 
observations were undertaken on the same beach at different times (Dixon, 1992). The 
full results are as yet unpublished.
Small scale beach surveys have been conducted world-wide. Gilligan et a l  (1992) 
selected four site types in order to obtain samples representative of the variety of 
tidally-influenced shoreline types existing in Chatham County, Georgia. These were 
a barrier beach, a saltmarsh, an upper river site and a site on the lower reach of the 
Savannah River. Site A was undeveloped. Site B was representative of a shoreline 
used by recreational fisherman, and was located adjacent to a shipping channel and 
near commercial fishing docks. Site C was not used for recreation. Site D was used 
by recreational fishermen. Marine debris was collected along the length of each site 
from the water line to the highest tide line during each of three or four sampling visits 
over an eight-month period. The material was classified by type, measured and 
weighed (Table 15).
Whilst this particular study only examined four study sites, the method produced a 
more representative sample than the method of Dixon & Dixon (1981) as it was not 
biased towards areas expected to be heavily littered.
Corbin & Singh (1993) used transects to assess the types and quantities of marine 
debris on the islands of St Lucia and Dominica. Four fixed transects, 5 m wide, were 
sampled on three beaches on each of the two islands. All persistent litter larger than 
1-2 cm long was collected each month between January and December 1991, counted 
and weighed. Plastics were identified as the main constituent of marine debris 
conforming with results from other studies (Table I 6).
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Table I 5. Number of litter items recorded in four site types over an eight-month 
period in Chatham County, Georgia. ________
Site and shoreline distance 
(length X duplicates)
N um ber of items recorded (excluding small 
pieces of glass and  small styrofoam  
fragm ents)
Site A - 1200 m 128
Site B - 480 m 355
Site C - 300 m 284
Site D - 400 m 189
TOTAL 956
Site A - north end of Wassaw Island; Site B - entrance to Lazaretto Creek; Site C - Cockspur 
Island on the Savannah River; Site D - Wilmington River (Gilligan et a l ,  1992)
Table 1 6. Percentage composition of marine debris items for two selected beaches in 
St Lucia and three beaches in Dominica (1991-1992). Samples were collected monthly 
for 1 year using four transects (5 m wide)._________________ ___ _____
Type of debris Percentage composition 
(St Lucia)
Percentage composition 
(Dominica)
Plastics 51.3 16
Wood 1.2 35.9
Fishing line 1.2 3.2
Rubber 1.5 2
Glass 1.6 13.8
Cloth 2.8 2.1
Metal 9.8 11
Other 10.2 7.8
Styrofoam 21.6 8.2
Source: (Corbin & Singh, 1993)
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Caulton & Mocogni (1987) carried out a survey of Cramond beach, Scotland between 
April and October 1984. A 300 m length of the beach, divided into three 100 m zones 
was surveyed 26 times. Within each of the 100 m zones, five parallel belt transects 
at 5m intervals were established. Surveyors walked along the length of each transect 
and recorded litter in 19 categories. The litter was not removed. Containers, plastics, 
clothing and confectionary wrappings were found to be the most common items. The 
majority of these items were identified as coming from land-based sources.
1 2.2.4. Data collection by postal survey
Stage 6 of the TBG Marine Litter Research Programme was undertaken in 
collaboration with ACOPS. It aimed to carry out a pilot survey of packaged dangerous 
goods, munitions and pyrotechnics recovered in the nearshore waters and beaches of 
the British Isles. Data on packaged dangerous goods recovered from beaches from 
September 1st 1982 to August 31st 1983 were collected by means of a questionnaire 
distributed to coastal local authorities (Dixon & Dixon, 1985).
The questionnaire was designed in consultation with appropriate local authority 
personnel. It distinguished between packages containing dangerous substances and 
those which were initially treated as dangerous but were subsequently found to be 
harmless. Details of recoveries of munitions and pyrotechnics were obtained from the 
Ministry Of Defence. Details of a total of 254 packages recovered on beaches were 
given. A total of 2204 munitions were recovered during the survey period (Table I 
7).
Whilst a 97% return rate was achieved from the local authorities, this method of 
collecting data inevitably produces difficulties. Shortages of resources was given as 
the main reason for a delay in the return of the information and many respondents 
expressed difficulties in providing accurate information on costs involved in clearance 
and disposal operations. The study concluded that the total number of packages 
reported were an underestimate, partly due to survey limitations - primarily, that it 
was not possible to consult all the data sources within the time period, and also that
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inevitably some packages would have been removed by beach users before they were 
counted and some packages would not have been discovered at all.
In 1991 ACOPS co-ordinated a national survey to assess the nature and extent of 
packaged chemicals and other hazardous goods washed ashore on UK beaches 
throughout the year (Dixon, 1992). Data was collected by means of a questionnaire 
distributed to seven 'primary' data sources such as local authorities, HMCG and the 
Royal Navy Clearance Diving Unit, and to 14 'secondary' data sources such as 
amenity groups and Coastwatch UK.
Data was collected in two stages - from October 1st 1991 to March 31st 1992 and 
from April 1st 1992 to September 30th 1992. A total of 755 questionnaires were 
completed. 'Dangerous' and 'harmful' goods were defined using the IMO's 
classification criteria. 'Dangerous' goods are described as those noxious and 
hazardous substances which may jeopardize the safety of ships or their crews 
including compressed gases, corrosives, oxidising agents, flammable and poisonous 
substances, explosives and radioactive wastes. 'Harmful' substances are those which 
have bioaccumulative, highly toxic or tainting properties, and therefore pose a risk 
to living resources in the form of marine pollutants (Dixon, 1992).
Reasons for non-response were given as shortage of manpower, the need to avoid 
duplication and the result of the questionnaires not reaching the appropriate people. 
Reported finds of packaged dangerous/harmful goods, clinical wastes and munitions 
and pyrotechnics were cross-referenced between the primary and secondary data 
sources. In evaluating the reliability of the reporting systems, it was found that higher 
numbers were reported by the secondary data sources, particularly with regard to the 
assessment of clinical wastes. Secondary data sources accounted for 47% of the total 
finds, which would otherwise not have been included in the survey results. Some 
discrepancies were also apparent when the data on munitions and pyrotechnics 
collected by the HMCG and Royal Navy were compared (Dixon, 1992).
The results of this survey can be compared with other data sets (Table I 8). The
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ACOPS survey results reported by Dixon (1992) are most similar to those of Stage 
6 of the TBG surveys reported by Dixon & Dixon (1985). If these results are 
compared it appears that there has been a considerable reduction in the incidence of 
packages containing dangerous/harmful goods recovered from England and Wales 
since 1982/3. If those packages initially identified as dangerous but subsequently 
found to be harmless are discounted, a 63% reduction was reported by the ACOPS 
survey. However, a 116% increase in the number of packages filled with refined 
petroleum products was reported. There were no differences recorded in the number 
of other package categories (Dixon, 1992). These were the largest documented case 
studies of investigations into marine debris in the UK prior to the present study.
However, none of these studies have achieved what the present study aimed to do - 
to identify the types and quantities of marine debris on a representative sample of the 
condition of the UK coastline over time. Each of the documented studies to date have 
either focused on particular items of debris or, where they have taken into account all 
types of debris, have only been undertaken on a small sample of coast or over a short 
time scale. This is appropriate to the specific objectives of the studies but does not 
allow the data to be used to identify time trends or to promote an overall strategy for 
the reduction of marine debris in the marine environment. The present study is unique 
in that it was undertaken over a wide geographic area, identified all types of marine 
debris and was undertaken over a long time scale. These requirements are essential 
if trends are to be identified and if the data is to have any real use as a tool in coastal 
management.
The hazards posed by marine debris has been discussed (section I 2.1) and the 
importance of the coastal zone as a tourist resource. In recognition of this importance 
a number of schemes addressing the issue of clean beaches have been introduced in 
recent years:
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Table I 7. Numbers of packaged dangerous goods, munitions and pyrotechnics 
recovered between 1st September and 31st August 1983 around the British Isles 
coastline. The survey was undertaken by the Keep Britain Tidy Group Marine Litter 
Research Programme Stage 6.
Description of contents of containers Total num ber reported
Dangerous goods 131
Suspected hazardous constituents 21
Refined petroleum products 42
Compressed gases, inflammable liquids or 
solids, oxidising agents, corrosives or 
poisonous substances of medium danger
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Source: (Dixon & Dixon, 1985)
Table I 8. Comparison of data collected by ACOPS and TBG concerning hazardous 
goods in various surveys. ____________ _____ ________________________
Packaged/ 
dangerous goods or 
suspected 
hazardous 
containers
Clinical
waste
M unitions/
Pyrotechnics
ACOPS
1991-1992 (UK)
426 134 434
TBG
1981-1988 
3105 reports 
submitted
167 115 10
TBG
Stage 6. Carried out 
over 12 months 
1982-1983 in 
England and Wales
254 2204
TBG
1989-1992 
MARPOL 
evaluation study.
119 sample sites in 
4 enumeration areas
6
TBG
1978-1979 
Stage 3. Undertaken 
on 797 locations 
(UK)
26 26 8
Sources: (Dixon & Hawksley, 1980; Dixon, 1992)
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I 2.3. Beach awards applicable in the UK
In response to heightened public awareness of issues relating to clean bathing water 
and litter-free beaches, a plethora of 'awards' for clean beaches and resort guides 
have been introduced in recent years to 'advise' the public of 'safe' areas to visit 
(FEEE, 1993; MCS, 1994; TBG, 1994; MCS; 1995; TBG, 1995). However, as 
highlighted by the BBC Nature programme (July 1993) considerable confusion 
surrounds the various standards required and awards given to resorts for cleanliness. 
In addition to information concerning the quality of the water at a resort the public 
may also be faced with a series of flags each representing a different standard of 
cleanliness and various other forms of beach information (Plate 1 3). As discussed by 
Williams & Morgan (1995) the current beach rating systems do not necessarily take 
into account the information that beach users may want.
/  2.3.1. European Blue Flag scheme
The European Blue Flags were introduced in 1987 by the FEEE in an effort to raise 
public awareness about the quality of the marine environment and 'to encourage and 
reward high standards o f beach management at coastal resorts' (FEEE, 1993). They 
are only valid for one year and the Flag must be removed if any of the criteria are 
not satisfied. Currently, 13 countries participate in the scheme. The beaches are 
judged by a national jury who report to the European jury. In the UK the TBG co­
ordinate and arbitrate the scheme. Local authorities have to pay to enter the scheme - 
£400 for each resort beach. Therefore only those beaches with a good chance of 
obtaining an award will enter (Wade, 1996). Since 1992 successful beaches have had 
to meet the Guideline standards of the EU Directive (EEC/76/160) for bathing water 
quality (CEC, 1976a) (discussed in full in section I 4.2.). As a result of the higher 
standards required the number of resorts entering for the award in 1992 fell from the 
1991 figure.
In 1993 the criteria for the European Blue Flag Scheme was further modified to 
include compliance with the Guideline standard for faecal streptococci set out in
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Plate I 3. Various beach information signs facing visitors to coastal resorts.
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the EU Directive (CEC, 1976a). The current criteria for the award is summarised in 
Table 19. In the UK the TBG administer both the Seaside Awards (section I 2.3.2) 
and the European Blue Flags. In 1996 31 beaches in the UK reached the standards 
required for a European Blue Flag.
1 2.3.2. Seaside Awards
In 1992 the largely government-funded TBG introduced its own set of beach awards - 
the Seaside Awards - also represented by a blue (and yellow) flag. The rationale for 
introducing these awards was to complement the European Blue Flag scheme by 
providing the public with information about a wider range of beaches and providing 
information on land based facilities, beach management, safety and information to the 
public (TBG, 1994). The cost to local authorities for entering a resort beach for a 
Seaside Award is £400. To enter for both a Seaside Award and a European Blue Flag 
is £600 (TBG, 1994). The criteria for obtaining such an award are given in Tables I 
10 and 111. The TBG claimed the award was 'more prestigious' than the European 
Blue Flags 'because it sets higher standards' (The Guardian, June 5th 1992). The 
group singled out Sutton on Sea in Lincolnshire as an example of a beach failing to 
obtain a Seaside Award but qualifying for a European Blue Flag. TBG failed the 
resort on lack of facilities even though the water quality reached the higher Guideline 
standard set out in the EU bathing water Directive.
The introduction of additional awards designed to 'recognise resorts and beaches 
which have attained high standards o f facilities and management (where appropriate), 
beach cleanliness and approved water quality ' (TBG, 1994) can only serve to add 
confusion in order to maintain tourist levels at sites which may be sub-standard. 
Whilst facilities such as toilets, drinking water and buildings of a high standard may 
qualify a resort for an award it should be made clear to the public that this does not 
necessarily mean the resort reaches acceptable standards in terms of bathing water 
quality and may pose a risk to the health of those choosing to swim at that resort.
In 1995 the criteria was changed and Seaside Awards were only granted on the basis
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Table I 9. Summary criteria for achieving European Blue Flag.
W ater quality Environm ental education 
and  inform ation
Beach a rea  m anagem ent 
and safety
Compliance with 
requirements of EU Bathing 
W ater directive for total and 
faecal coliforms and faecal 
streps (I)
Immediate public warning if 
gross pollution affects beach
(I)
Regularly maintained and 
sufficient bins available (I)
No sewage affecting beach
(I)
Information on protected sites 
and species (I)
Daily beach clean during 
bathing season when 
necessary (I)
Emergency plans for 
pollution incidents (G)
Information on water quality 
displayed (I)
No driving, dumping or 
unauthorised camping (I)
Compliance with 
development plans and 
planning laws (I)
Code of conduct and byelaws 
displayed (I)
Safe access to beach (I)
No gross pollution (I) Permanent public awareness 
place (G)
Management of users and 
uses in case of conflict (I)
No algal deposits (I) Adequate and clean sanitary 
facilities (I)
No visible hydrocarbon 
pollution (I)
Lifeguard during bathing 
season (I)
First aid available (I)
Control of dogs, horses and 
other animals (I)
Source of drinking water 
available (G)
Public telephone in easy 
access (G)
Buildings and equipment on 
beach well maintained (G)
Facilities for disabled (G)
Source: (FEEE, 1993); I =  Imperative criterion; G =  Guideline criterion
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Table I 10. Summary criteria to achieve a Seaside Award - resort beach.
W ater quality M anagem ent - safety, cleansing Inform ation and  education
Mandatory standards of 
EU bathing water 
Directive (Premier 
award given if guideline 
standards are met)
Lifeguards on duty during 
summer season with adequate 
equipment
Immediate public warning if 
threat of pollution
Twenty-eight landbased 
criteria
Times and areas patrolled by 
lifeguard clearly marked
Adequate protection for 
protected sites and species
No industrial or sewage 
discharges on beach.
First aid facilities between 10.00 
am and 6.00 pm
Public display of byelaws 
information
No gross pollution by 
sewage, litter or 
industrial or urban 
waste
Daily beach supervision between 
10.00 am and 6.00 pm
Public display of water quality, 
information on safety, car 
parks, award criteria, map 
showing area covered by 
award
No oil pollution Record kept of all emergency 
incidents
Promotion of educational 
activities
Beach actively managed and 
promoted by owners as a tourist 
resort
Local emergency plans for 
pollution incidents
Easy and safe access to beach 
including facilities for disabled
No unauthorised driving, 
dumping or camping
Management of conflicts between 
users and uses
Dog ban during summer season
Protected source of drinking 
water
Easy access to public telephone
Adequate toilet facilities well 
maintained
Maintenance of all buildings and 
equipment
Adequate access and parking 
facilities including spaces for 
disabled drivers
Adequate daily cleansing of 
beach
Adequate litter bins
Dog refuse bins along sea front
Source: (TBG, 1994)
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Table 111. Summary criteria to achieve Seaside Award - rural beach.
W ater quality M anagem ent - cleansing and 
safety
Inform ation and  education
Mandatory standards of EU 
bathing water Directive 
(Seaside Award)
No gross pollution by sewage 
related debris or other waste
Information point with details 
of telephone, first aid, 
police, coastguard, local 
hazards, local authority and 
map of area
Twelve land based criteria Active management by local 
group, school, parish or 
individual
Active encouragement of 
protection and conservation 
of beach
Guideline standards of EU 
bathing water Directive 
(Premier Award)
Safe access
No industrial or sewage 
discharges on beach
No unauthorised driving, 
dumping or camping
Adequate maintenance of all 
buildings and equipment
Adequate litter bins
Beach should be safe for 
swimming
Appropriate lifesaving 
equipment
Warning of potential hazards 
of swimming
Source: (TBG, 1994)
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of 'strict beach management criteria'. All beaches receiving an Award will have met 
the Imperative standard set out in the EU bathing water Directive for water quality 
(TBG, 1995).
1 2.3.3. Local awards
Some authorities such as Hampshire County Council have introduced their own set 
of awards. The Solent Water Quality Awards, administered through the Solent Water 
Quality Conference, were set up in 1992. All beaches in the Solent, both identified 
and non-identified, which are regularly used for bathing can enter the scheme. The 
criteria for achieving an award are: (a) At least one representative sampling point 
must be selected for each beach; (b) Imperative standards of the EU bathing water 
Directive must be met; (c) the water must not contain any gross pollution by faeces 
or other sewage-related macro-waste, or persistent occurrence of oil or tar or of a 
significant smell. The zero enterovirus and Salmonella parameters of the EU bathing 
water Directive (CEC, 1976a) are not included. Supporting information, such as 
previous years water quality results must also be given (Solent Water Quality 
Conference).
The Solent Water Quality Awards use the same Imperative criteria as those set out in 
the EU bathing water Directive and would therefore appear to serve no real use. 
However, they are applicable to non-identified bathing waters. As many non-identified 
waters are heavily used for recreational purposes it is extremely valuable to indicate 
the water quality of these areas for the users.
I 2.3.4. Guides and publications
In addition to these awards there are a number of publications offering further advice 
such as the Readers Digest Good Beach Guide (MCS, 1995) and the Heinz Guide to 
British Beaches (Pearce, 1995b). Both these guides recommend a selection of beaches 
but not necessarily the same beaches.
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Different criteria are used by each scheme to advise the public on where to visit. The 
large number of awards and publications can only serve to confuse the public rather 
than help them. The contusion was highlighted with the release of the Heinz Guide 
to British Beaches which recommended a number of resorts in Essex as reaching EU 
standards for cleanliness (Pearce, 1995b). Three weeks earlier the publication of the 
Readers Digest Good Beach Guide did not recommend any of these resorts (MCS, 
1995).
Users of the coast do not confine their activities to one zone - the quality of the water 
should be considered to be of equal importance to the quality of the beach area. 
Therefore, consideration of the coastal zone in its entirety is essential if it is to be 
promoted as a tourist attraction and recreational resource. Few countries have 
undertaken long-term studies to investigate the quantities and types of marine debris 
either locally or nationally, although several short-term studies have been described 
(section I 2.2.3). However, visual pollution can have the most dramatic effect on 
public opinion about the cleanliness of a beach. It is therefore an issue that should be 
given due priority by coastal managers and should receive the level of attention given 
to water quality issues.
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I 3. Water quality
As discussed in section 1 2.1.3 (c) the public's perception of the aesthetic appearance 
of beaches and water quality have become recognised as increasingly important. The 
WHO and UNEP reported in 1991 that 'the aesthetic and hygienic quality o f beaches 
deserves immediate attention' (UNEP/WHO, 1991). These concerns have prompted 
research into marine pollution throughout Europe and the USA. In addition, the issue 
of water quality specifically has regularly featured in the media (refer to section I 
1.1). In particular the persistent failure of the country's most popular resorts such as 
Blackpool, which receive millions of visitors each year, to meet EU standards have 
attracted attention (The Times, July 6th 1992; The Times, July 15th 1993). A public 
opinion survey conducted in 1993 by NOP Market Research Ltd showed that 92% of 
those interviewed thought 'a lot could be done' about sewage on beaches and in 
bathing waters. The respondents were then asked to select who should be taking 
responsibility for this issue. Thirty-six percent put the responsibility on the 
Government and 23% on local councils (HMSO, 1994).
It was only in the 1800's that large towns began to have sewerage systems (NRA, 
1994). However, these were far from adequate and in London for example all sewers 
discharged into the Thames, contaminating the main drinking water supply. There are 
currently around 200 discharges to coastal waters, serving 12.5 million people (Pike, 
1994). Bathing in coastal waters has been considered beneficial to health for many 
years but despite a link being established between health and polluted potable water 
supplies in the 1840 and 1850's (NRA, 1994) it was not until comparatively recently 
that the health risks associated with bathing in sewage-contaminated sea water and the 
consumption of contaminated shellfish were investigated (Pike, 1994). Extensive 
research has been undertaken in recent years to establish the potential risks from 
swimming in recreational waters (for a review of studies refer to Alexander, 1991; 
Dufour, 1991; Pike 1991; Pruss, 1996) and governments are now beginning to 
address these concerns in the form of policy amendments and refinements to 
legislation (CEC, 1994). There are a large number of pathogens which may be present 
in marine water (Table I 12).
Table I 12. Pathogens found in marine waters and associated symptoms.
Pathogen Diseases
Viruses Poliovirus Paralysis, meningitis, fever
Echovirus meningitis, respiratory disease, rash, fever, 
gastroenteritis
Coxsackievirus
A
respiratory disease, meningitis, fever, hand, foot 
and mouth disease
Cocksackievirus
B
myocarditis, congenital heart irregularities, rash, 
fever, meningitis, respiratory disease
Hepatitis A infectious hepatitis
Rotavirus gastroenteritis, diarrhoea
Reovirus unknown
Parvovirus unknown
Adenovirus respiratory disease, conjunctivitis, gastroenteritis
Cytomegalovirus hepatitis, infectious mononucleosis, immunological 
deficiency syndrome
Papovirus associated with progressive multi-focal 
leukencephalopathy and immunosuppression
Bacteria Aeromonas spp wound infection, gastroenteritis
Campylobacter
spp
enteritis
Candida
albicans
dermatitis, thrush
Clostridium spp botulism, tetanus, gastroenteritis
Cryptosporidium
spp
gastroenteritis
Escherichia coli gastroenteritis
Plesiomonas spp gastroenteritis, meningitis, cellulitis
Pseudomonas follicular dermatitis, ear, nose and throat infections
spp
Salmonella spp enteric fever, gastroenteritis
Shigella spp bacillery dysentry
Staphylococcus
spp
soft tissue infections
Vibrio spp cholera, wound infections
Yersinia spp gastroenteritis
Protozoan Gardia spp gastroenteritis
Sources: Philipp (1991); Bitton (1994)
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I 3.1. Development of water quality standards and appropriate indicators
One of the earliest studies undertaken to detect pollution of bathing waters by sewage 
was developed in the USA in 1943. The American Public Health Association adopted 
a bathing water classification scheme proposed by Scott (1932 as cited by Dufour, 
1984) which used total coliforms as an indicator of water quality. It is not possible to 
test for all potential pathogens in a water sample, many pathogens only occur in small 
numbers unless contamination has been recent, and therefore the water sample is 
tested to determine whether it has been polluted by faecal material. The presence of 
an indicator organism - one which is known to be associated with the intestinal tract, 
whose presence in water indicates that the water has received contamination of an 
intestinal origin (Brock et a l ,  1994), is therefore determined.
Recreational water quality indicators are micro-organisms or chemicals whose 
densities or concentrations in the water can be quantitatively related to swimming- 
associated health hazards (Cabelli et a i ,  1983). The early water quality standards 
were not based on any epidemiological evidence of health effects but on the drinking 
water standards then in place (Dufour, 1984). The first major epidemiological studies 
into health effects of bathing in sewage-contaminated water were undertaken in 1948 
and 1949 by the US Public Health Service (Stevenson, 1953). These led, in 1968, to 
the introduction of faecal coliforms as an indicator organism for monitoring water 
quality (USEPA, 1976 as cited by Dufour, 1984). Two studies were undertaken in 
freshwaters and one in tidal waters in which bacteriological quality of the waters were 
established based on total coliform density, and related to the illness rate amongst 
bathers (Stevenson, 1953). The study recommended that 'some o f the strictest 
bacterial quality requirements now existent might be relaxed1 (Stevenson, 1953). The 
findings of these studies were subsequently used by the NT AC to the Secretary of the 
Interior to recommend water quality criteria in terms of faecal coliform bacteria for 
waters used for primary contact recreation in the USA (NTAC, 1968). Other studies 
such as those conducted by Geldreich (1970), Cabelli et al. (1979; 1983) and Dufour 
(1984) led to the current standards in place in the USA. These standards are given in 
Table I 13.
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I 3.2. Characteristics of recreational water quality indicators
Faeces and urine of warm-blooded animals are the most significant potential sources 
of water-borne pathogens capable of infecting man (NTAC, 1968). Although there is 
considerable debate about what are the most appropriate indicators of bacterial and 
viral contamination of bathing waters (refer to section I 4.2.1), and what standards 
should be enforced (refer to section I 4.2.1.a), at present, thermotolerant coliforms 
(principally E. coli), total coliforms and faecal streptococci are the accepted bacterial 
indicators for faecal contamination. The pathogens Salmonella and enteroviruses are 
also included in the microbiological parameters which are taken into account in the 
EU Directive on the quality of bathing waters (CEC, 1976a). E. coli is only 
associated with mammalian guts, is excreted in large numbers and therefore it is 
taken as the most commonly present indicator of faecal pollution (Rees, 1993). Total 
coliforms are found everywhere in nature and are now considered as being too large 
and of less interest as faecal indicators (EC, 1995b). The group is abandoned in the 
proposal for revising the bathing water Directive (CEC, 1994; section I 4.2.1.f).
Microbiological techniques have therefore been designed to demonstrate the presence 
of the main indicator bacteria in water samples. To establish suitable tests the main 
characteristics of the organisms being tested for need to be identified. Coliform 
bacteria belong to the family Enterobacteriaceae which contains 22 genera and 69 
species (Cowan & Steel, 1993). These grow mainly in the lower gastrointestinal tract 
of humans and animals and many can survive in water. They are gram-negative, non- 
sporing, facultatively anaerobic rods. They have characteristically small rod-shaped 
cells which are either straight or curved and less than 0.5 /un in width. Enterobacteria 
can be distinguished from other gram-negative, non-sporing rods by their ability to 
reduce nitrates to nitrites (Cowan & Steel, 1993). The family can be divided into two 
groups - the 'lactose fermenters' and 'non-lactose fermenters'. The former group 
produce acid or acid and gas from lactose in culture at 35°C or 37°C within 48 hours. 
These consist of the coliform bacilli - the genera Eschericheria, Klebsiella, 
Citrobacter and Enterobacter (Falkow & Mekalanos, 1990). Their ability to ferment 
lactose is due to the possession of the enzyme (3-galactosidase. They can therefore be
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easily recognised by culture on media containing lactose and an indicator (such as 
MacConkey agar; refer to section HI 3.2.2 a). Typically such media use bile salts or 
a detergent as a selective agent which inhibits gram-positive organisms, an acid-base 
indicator and one or more fermentable carbohydrates. Salmonella, Yersinia, Shigella 
and some Citrobacter, Proteus, Serratia and Hafnia genera are non-lactose fermenting 
species of the Enterobacteriaceae (Falkow & Mekalanos, 1990).
Faecal coliforms - E. coli, and some strains of Enterobacter cloacae, Citrobacter 
freundii and Klebsiella pneumoniae ferment lactose at 44°C or 44.5°C (Falkow & 
Mekalanos, 1990). They are known as 'thermotolerant coliform organisms'. Therefore 
to confirm faecal pollution further incubation of the sample at the higher temperatures 
is required. Once the presence of faecal coliforms are identified, further tests can be 
conducted to identify the species. The biochemical reactions of the thermotolerant 
coliform organisms are given in Table 1 14. Unless stated, faecal coliforms refers to 
the group as described above (which will comprise an excess of 90% E. coli). The 
term 'E. coli' will only be applied to that specific organism.
The term 'faecal streptococci' used in the EU bathing water Directive includes species 
from two genera - Enterococcus and Streptococcus (EC, 1995b). Enterococcus 
includes 19 species in 3 groups - Group 1 consist of Enterococcus faecium, E. 
faecalis, E. durons, E. hirae, E. avium, E. gallinarum, E. cecorum and E. columbae 
which are found in human and animal faeces (those in Groups 2 and 3 are rarely 
associated with faeces) (EC, 1995b). The enterococci are all of the Lancefield 
serological group D but have different haemolytic properties. They are also more 
heat-resistant than other streptococci (Cowan & Steel, 1993) growing at 45°C and they 
can grow at pH 9.6. The genus Streptococcus contains one group which is of 
significance as a faecal indicator - Group 1, faecal streptococci including 
Streptococcus bovis/equinus, found in certain animal faeces and Streptococcus suis, 
present in the intestinal flora of many animals (EC, 1995b).
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Table I 13. Water quality standards used in the USA and Canada.
Standard Recommended by Based on studies 
by
USA: log mean 200 faecal coliform per 
100 ml (upper limit 400 per 100ml)
NT AC, for primary contact 
recreation
Stevenson (1953)
USA: log mean 200 faecal coliforms per 
100 ml based on at least 5 samples in 30 
days (not more than 10% of samples 
taken during 30 days should exceed 400 
per 100 ml)
USEPA (1976) 
USEPA (1986)
Stevenson (1953) 
NT AC Report 
(1968)
Geldreich (1970) 
Cabelli et al. 
(1979; 1983) 
Dufour (1984)Canada: 350 enterococci per litre. 
Resampling required if any sample 
exceeds 700 per litre.
MNHW (1992)
Source: (Kay et al., 1990; Pike, 1991).
Table 1 14. Biochemical reactions of thermotolerant faecal coliform species. Figures 
represent the percentage of positive reactions after 48 h incubation at 36°C.
Biochemical
reaction
Escherichia
coli
Klebsiella
pneumoniae
Citrobacter
freundii
Enterobacter
aerogenes
Enterobacter
cloacae
Indole production 
from tryptophan
98 0 5 0 0
Methyl Red 99 10 100 5 5
Lysine
Decarboxylase
90 98 0 98 0
Motility (36°C) 95 0 95 97 95
D-Glucose, Gas 95 97 95 100 100
Lactose fermentation 95 98 50 95 93
Sucrose fermentation 50 99 30 100 97
D-Mannitol
fermentation
98 99 99 100 100
D-Arabinose
fermentation
99 99 100 100 100
D-Xylose
fermentation
95 99 99 100 99
Source: (Falkow & Mekalanos, 1990).
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The faecal streptococci grouping are gram-positive, non-motile (in most cases), 
aerobic and facultatively anaerobic cocci. They ferment carbohydrates and lactic acid 
is always an end-product of fermentation (Cowan & Steel, 1993). They do not contain 
catalase and are virtually the only catalase-negative bacteria able to grow in the 
presence of oxygen. These bacteria have a high tolerance of acid. Faecal streptococci 
can be cultured on a number of media. The appropriate methods and media used to 
detect the presence of faecal contamination of sea water using indicator organisms are 
discussed in section II 3.2.2.(b).
At present the standards used in the EU for bathing water quality are twenty years 
old. Since the introduction of the EU bathing water Directive in 1976 (CEC, 1976a) 
considerable research has been undertaken into the health effects of bathing in sewage- 
contaminated waters. It is now being realised that the standards and indicators 
currently in use may not be the most appropriate. The potential health risks associated 
with bathing in freshwaters will be referred to briefly but will not be discussed in 
great detail here. For a full review refer to Alexander (1991), Dufour (1991), 
Fewtrell (1991) and Fewtrell et a l  (1992). Many of the concerns associated with 
bathing in sea water are also applicable to other recreational waters and appropriate 
standards should apply to all waters used for recreational purposes (Jones et a l ,  1990; 
Fewtrell, 1991; Fewtrell et a l ,  1992).
I 3.3. Investigations into health risks associated with bathing in sewage- 
contaminated coastal waters
In the UK the first major study into health risks posed by sewage to bathers was 
conducted by the PHLS in 1959 (PHLS, 1959). This retrospective epidemiological 
study investigated the association between enteric fever and paralytic poliomyelitis and 
swimming in sewage-contaminated water. It concluded that there was no real risk to 
health of serious diseases from bathing in sewage-contaminated water except where 
conditions are so bad that they are 'aesthetically revolting' (PHLS, 1959). The PHLS 
Committee decided it was not appropriate to set microbiological standards for coastal 
regions because the previous studies undertaken in marine waters (Stevenson, 1953)
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had failed to find a link between water quality and illness in bathers. Subsequent UK 
policy with regards to sewage disposal was influenced by this research up to the mid 
1980's despite more recent research undertaken in the USA (for full review refer to 
Pike, 1990; 1991).
In 1972 the USEPA began a series of prospective cohort studies in marine waters 
(Cabelli et a l ,  1982; Cabelli, 1983). The studies aimed to derive a relationship 
between counts of enterococci (the equivalent American term to the term faecal 
streptococci used in the UK; Pike 1990) and gastroenteritis among swimmers. The 
study was conducted over a six-year period (1973-1978) and involved 25,442 subjects. 
Two marine bathing sites and one brackish area were chosen as study sites. The 
subjects were divided into 'swimmers' - who immersed their heads in the water - and 
'non-swimmers' who entered the water but did not immerse their heads. Subjects were 
interviewed on each trial day and telephoned 8-10 days later to determine the 
incidence of gastroenteritis. Cabelli defined two types of symptoms - Total GI and 
HCG-I symptoms. Total GI symptoms were defined as all incidence of vomiting, 
diarrhoea, stomach-ache and nausea reported during the telephone interview. HCG-I 
symptoms were defined as all cases of vomiting, diarrhoea accompanied by a fever 
or cases that were disabling, or nausea or stomach ache accompanied by a fever. 
Densities of indicator organisms were sampled on each trial day. The main weakness 
with the study was that results from all locations were pooled in the final analysis of 
the data (Lightfoot, 1989, as cited by Pike, 1991). A positive relationship was proved 
between the bacteriological quality of the water and the swimming-associated risks of 
reporting gastrointestinal symptoms (Cabelli, 1983).
These studies, together with previous research undertaken by Cabelli et a l  (1975) and 
Moore (1975) eventually lead to development of current water quality standards used 
in the USA (Table I 13; Kay et a l,  1990).
Cabelli et a l  (1982) undertook detailed investigations at three marine water sites. The 
average illness rate for HCG-I symptoms associated with swimming in marine waters 
was found to be 2.7 times greater than that in freshwater although the log mean
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counts of E. coli and enterococci were not significantly different. Although the 
mortality rates of the indicator bacteria was greater in saline waters, the pathogens, 
which were considered to be viral (Human rotavirus or Norwalk virus) were less 
affected by salinity. These studies established a better correlation between 
enterococcus counts and HCG-I symptoms than correlation for E. coli counts and 
HCG-I symptoms. However, it was concluded from the enterococcus counts and rates 
of Total GI and HCG-I symptoms among swimmers that the infective agents were 
present in sewage in large numbers, highly infective and/or able to survive treatment 
processes and environmental stresses better than enterococci.
Dufour (1982; 1984) conducted a series of studies in freshwater in which swimmers 
were specifically identified rather than using the broad category of 'number of people 
on the beach' as used in Stevensons' study (Stevenson, 1953), and specific illnesses 
were identified rather than just reporting a range of symptoms. The aim of these 
studies was to develop a standard for quality of bathing water based on swimming- 
associated gastroenteritis. Strict procedures were used to interview the subjects which 
were followed up by a telephone interview 8-10 days later. Symptoms appearing 
between the time of swimming and the follow-up interview were recorded. Water 
samples were analysed for thermotolerant coliform bacteria, E. coli and Streptococcus 
faecalis and Streptococcus faecium  using membrane filtration (refer to section II 3.2.2 
(b) for details of membrane filtration).
The study showed that swimmers in sewage-polluted freshwaters showed a higher rate 
of gastroenteritis relative to non-swimmers, but this was only significant at one 
location where the log mean E. coli counts were highest. Thus, a positive correlation 
was demonstrated between swimming-associated gastroenteritis and high E. coli and 
enterococci counts. The best bacteriological indicator of risk was deemed to be E. coli 
since a higher correlation co-efficient was achieved between E. coli counts and 
gastroenteritis symptoms than between enterococci counts and gastroenteritis 
symptoms. These studies also showed that when self-reporting of symptoms are used 
it is more reliable to use the symptoms of so-called HCG-I as described by Cabelli et 
al. (1983) rather than Total GI symptoms. These studies eventually led to the
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standards set by the USEPA (Table I 13).
A number of other studies have been conducted using the methods of Cabelli - 
Mujeriego et a l  (1982); Foulon et a l  (1983); Fattal et al. (1987); Fattal & Shuval 
(1989); Holmes (1989); Kocasoy (1989); Cheung et a l  (1990).
Mujeriego et a l  (1982) studied 14 beaches in Malaga and 10 in Tarragona. 20 918 
questionnaires were completed. Swimmers reported a higher incidence of illness than 
did non swimmers. Water quality was related to the rate of eye, ear and skin 
infections. Foulon et a l  (1983) interviewed 4921 holiday-makers on five beaches in 
Brittany over 12 days. The rate of diarrhoea reported was related to the level of 
counts of faecal indicator bacteria. Fattal et a l  (1987) interviewed 2231 people on 
three beaches in Tel-Aviv between May and August 1983. In this study enterococci 
were found to produce the most significant association with illnesses in the age group 
0-4 years. A two-phase study was conducted in Hong Kong in 1986 and 1987 
described by Cheung et a l  (1990). Swimmers were found to have significantly greater 
rates of gastrointestinal symptoms, diarrhoea and total illness than did non-swimmers.
All these studies were carried out in waters complying with local water standards or 
just failing to meet them and relied on the subjects reporting illness. None of the 
causative pathogens were isolated but from these investigations the following broad 
conclusions can be drawn:
(a) Swimmers report a higher incidence of illness than non-swimmers; (b) the rate of 
illness is related to the degree or duration of exposure to water; (c) children bathing 
show a greater incidence of illness than older people; (d) the rate of illness is related 
to the level of counts of faecal indicator bacteria; (e) E. coli or faecal coliform 
bacteria are not the best faecal indicator bacteria in correlation with illness rates; (f) 
residents near the beach are less susceptible to swimming-associated gastroenteritis 
than visitors to the beach.
Studies undertaken in Canada in 1979 and 1980 in freshwater showed a positive (but
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low) correlation between total illness in bathers and counts of staphylococci, faecal 
coliforms and faecal streptococci and between staphylococci and eye and skin 
infections (Seyfried et a l , 1985a,b). The Canadian MNHW published new guidelines 
for recreational water quality in 1992 (MNHW, 1992) (Table 1 13). These guidelines 
specify maximum limits for faecal indicator bacteria identical to those of the USEPA 
but require a geometric mean limit of 350 enterococci per litre for marine waters and 
resampling if any sample exceeds 700 per litre.
I 3.4. Recent UK epidemiological studies
Until the 1980's there had been virtually no epidemiological studies undertaken in the 
UK to investigate the potential health effects of swimming in sewage-contaminated 
water except that of the PHLS (1959). However, a number of serious illnesses 
resulting from swimming in contaminated waters have been recorded (for a full 
review refer to Pike, 1994).
The issue of water quality remained of low priority to the UK government. In 1984 
the Royal Commission on Environmental Pollution published a report which broadly 
agreed with the PHLS research with regard to serious disease but was less certain 
about the potential for contracting minor infections from bathing in contaminated 
waters. Whilst the methods used by Cabelli in the USA (Cabelli et a l ,  1982) were 
criticised in the UK, the conclusions raised by this research - that there is a risk of 
illness associated with swimming in sewage-contaminated water and the risk increases 
as the water quality deteriorates - compelled the Royal Commission to recommended 
that epidemiological studies should be carried out in the UK (Royal Commission on 
Environmental Pollution, 1984). A number of small scale investigations into illness 
caused by swimming in sewage-contaminated water were conducted in the mid and 
late 1980's and early 1990's (Philipp et a l ,  1985; Brown et a l ,  1987; Philipp et a l ,  
1989; Jones et a l ,  1991).
The largest study of its kind (subsequently referred to in this document as the UK 
study) was commissioned by the UK DoE - co-funded by the Department of Health,
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Welsh Office and Environment Agency (then the NRA) - who ordered a series of 
studies to: (a) Determine the risks, i f  any, to health o f swimming in coastal waters 
contaminated by sewage and (b) to establish the relationship, i f  any, between 
microbiological quality o f coastal water and the risk to the health o f bathers (Pike, 
1994). A pilot study was set up in 1989 in the UK to establish a suitable method for 
investigating the relationship between health and bathing.
Four main methods of conducting epidemiological studies to investigate the health 
risks associated with exposure to sewage-contaminated sea water have been described:
1. Retrospective cohort studies. One of the earliest such studies in the UK was 
conducted by the PHLS (1959). This type of study begins with evidence of a disease 
and works back to establish the cause. This type of design lacks a control group and 
is of limited value since the time between exposure to water and reporting the disease 
may be long.
2. Cross-sectional studies, as undertaken by Brown et al. (1987). In this study two 
groups of people were studied at one point in time - one group was exposed to sea 
water and the other was not exposed. The study concluded that swimmers who 
immersed their heads in the water of a polluted resort were significantly more likely 
to report gastrointestinal symptoms than those who did not or who bathed at an 
unpolluted resort. The design did not, however, allow any differences between 
swimmers and non-swimmers to be identified.
3. Controlled cohort study (Healthy Volunteers Study) as undertaken by Jones et al. 
(1991). Volunteers are recruited before the start of the survey, interviewed and given 
a medical examination. Each volunteer is assigned to either the 'swimmer' group or 
'non-swimmer' group. A second interview is conducted on the beach. After beach 
contact the volunteers are interviewed again and given a second medical examination.
Whilst the method removes the possibility of bias in volunteers reporting their own 
symptoms, ethical reasons only allow the use of adults and only allows the survey to
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be conducted on a beach where the water is known not to be contaminated by sewage. 
In addition, the recruitment method may introduce a bias and a low response rate in 
follow-up interviews may lead to a higher response among the volunteers experiencing 
symptoms (Pruss, 1996).
4. Prospective cohort studies as described by Cabelli (1983) and Dufour (1984). This 
method relies on 'self-reported' symptoms of the volunteer. The information is 
collected at two time points - on the day of the survey and between seven and 
fourteen days later. The disadvantage with this design is that it may be difficult for 
some volunteers, such as tourists, to participate in the follow-up section (Pruss, 1996).
Alexander & Heaven (1991) carried out a prospective study exclusively on children 
between 6 and 11 years of age on a beach known to be contaminated by sewage 
(Blackpool). The study concluded that those children exposed to sea water at 
Blackpool were significantly more likely to suffer from vomiting, diarrhoea, itchy 
skin, fever, lack of energy and loss of appetite than those who were not exposed to 
sea water.
The cross-sectional study design and retrospective cohort study design both allow 
considerable bias to be introduced. Most recent epidemiological studies have therefore 
tended to be conducted using the method described by Cabelli (1983) and Dufour 
(1984) - essentially prospective cohort studies, and the controlled cohort study design. 
The WHO and UNEP described a protocol based on this method which was used in 
the MEDPOL phase II programme (WHO, 1991).
Phase I  o f the UK studies
The UK studies were managed by the WRc and sub-contracted to two research 
groups. Trials were initially conducted using the two main epidemiological methods: 
(a) prospective cohort study (Beach Survey) and (b) controlled cohort study (Healthy 
Volunteer study). Both pilot surveys were conducted at Langland Bay on the Gower 
Peninsula. The Beach Survey was conducted between August 1st and 30th 1989 and
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involved 20 days of interviews. A total of 4045 usable records were collected. A 
week later 791 subjects were interviewed by telephone to obtain information on 
perceived health symptoms. No data was collected for children under 5 years of age 
(Balarajan et al., 1991). The Healthy Volunteer study was conducted on 2nd 
September 1989 and involved 465 volunteers recruited through the media, and 
allocated randomly to the bather or non-bather group. A total of 276 completed the 
study. Due to ethical reasons all subjects were over 18 years of age (Jones et a l ,  
1991).
In both studies the significant health effects were obtained from perceived symptoms. 
In the Healthy Volunteer study perceived symptoms were noted before and after 
exposure to bathing water and were confirmed against clinical examinations. Water 
quality was monitored during both studies by using standard membrane filtration 
techniques as described in Report 71 - The Bacterial Examination of Drinking Water 
Supplies 1982 (Report, 1983). Analysis for total coliforms, faecal coliforms and faecal 
streptococci were undertaken. In both studies the water quality was good and there 
was no apparent significant effect of water quality on symptom rates.
Volunteers involved in the Beach Survey method reported a higher rate of symptoms 
at the telephone interview conducted after the survey than during the interview 
conducted at the beach. The main symptoms reported by those who had entered the 
water were of the ear and throat. Gastroenteritis was the symptom most frequently 
reported by those not entering the water. There was a significant difference between 
those entering the water and those who did not with regard to 'major' symptoms 
(defined as one or more of all symptoms which can be acquired by swallowing or 
inhaling pathogens derived from sewage such as ear, nose and throat, respiratory and 
gastrointestinal symptoms, but not skin symptoms), and symptoms relating to the ears, 
eyes and throat. As the degree of water activity increased the risk of reporting major 
symptoms increased (Balarajan et a l ,  1991).
Bathers involved in the Healthy Volunteer study reported significantly higher rates of 
perceived ear, eye, throat and gastroenteritis symptoms than non-bathers. There was
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no significant association between perceived symptoms and clinically diagnosed 
infection of the ears, throat or intestines (Jones et a l ,  1991).
There are a number of criticisms which can be made concerning the methods. The 
Healthy Volunteer study did not include any volunteers below the age of 18. This 
therefore precludes children that previously described studies have shown to be more 
susceptible to bathing-related illness than older people (Cabelli, 1983; Fattal et a l ,  
1987). The Healthy Volunteer study also attracted a great degree of media interest in 
order to recruit volunteers. This obviously raises the issue of bias in the reporting of 
symptoms. However, this method has the potential advantage of confirming symptoms 
with a clinical examination after exposure. The Beach Survey method recorded 
perceived symptoms but had the advantages of including children and did not receive 
publicity to recruit volunteers, therefore removing that element of potential bias.
Phase II o f the UK studies
The HCEC noted in their Fourth Report, 'Pollution of Beaches', that the methods 
used in the study were suitable to meet the aims of the study but recommended that 
it needed to be conducted on a much larger scale to obtain statistically significant 
results (HCEC, 1990).
The study was therefore extended following the publication of the results in 1990 
(Pike, 1990). Only a few modifications were made to the design. The Beach Survey 
study was conducted at Ramsgate Sands, Kent and achieved a total of 1883 successful 
telephone interviews (Balarajan et a l ,  1991). The Healthy Volunteer study was 
conducted at Moreton, Merseyside. A total of 303 volunteers completed the post­
exposure examination. The survey again showed swimmers to report a higher 
incidence of various illnesses than non-swimmers. The Beach Survey showed children 
who had bathed had a greater incidence of illness than did older people who bathed. 
The rate of illness was shown to be related to counts of faecal indicator bacteria but 
E. coli and faecal coliform bacteria were not necessarily the best indicators correlating 
with illness rate. The rate of illness was shown to be related to the degree of exposure
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to water (Pike, 1991).
Phase III o f the UK studies
The third phase of the study was conducted in 1991 and 1992. Results from Phases 
I and II established the optimum size of the study. It was recommended that the 
Healthy Volunteer study should be carried out using 4000 subjects in order to achieve 
a statistically significant result and should be carried out on eight beaches known to 
be 'very clean' and 'just passing’ the standards set out in the EU Directive for bathing 
water quality (CEC, 1976a). The Beach Survey was to be conducted on nine beaches 
ranging from 'very clean' to 'just passing' to 'failure'. The DoE Phase HI 
programme specified that a total of eight Beach Survey studies would be carried out 
between 1991 and 1992 and one Healthy Volunteer study in 1991 (and a possible 
second in 1992) (Pike, 1994).
The first half of Phase HI Beach Surveys were conducted at Paignton, Lyme Regis, 
Rhyl and Morecambe in 1991 (Pike, 1994). The locations were not revealed to the 
Press until the survey was underway to avoid bias in the perception of symptoms. The 
beaches were chosen by an expert committee involving the DoE, NRA and WRc. 
Guidelines stipulated that each survey was carried out over 20 interview days during 
four weeks of the bathing season with at least six weekend days using the same 
method of the 1990 survey. A target of 2000 interviews was given. The water quality 
was monitored every two hours at a minimum of three sites on each beach using 
standard techniques. Strict guidelines were followed for interviewing and conducting 
water quality analysis (Pike, 1994).
The Healthy Volunteer study was conducted at Southsea on July 6th 1991 in the same 
manner as the 1990 study. A total of 387 healthy volunteers over the age of 18 
participated. Water quality was monitored before bathing and on the day of exposure, 
200 samples were taken for analysis. Packed lunches, inspected by the PHLS, were 
provided for the volunteers on the day of exposure. Interviews were conducted on the 
day before bathing, the day of bathing and one and four weeks after bathing, and
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volunteers were medically examined on the day of bathing and seven days after 
bathing (Jones et a l ,  1993).
The second half of Phase m  Beach Survey was conducted in 1992 at Cleethorpes, 
Skegness, Instow and Westward Ho!. A total of 7038 holiday makers were 
interviewed over 20 days (Balarajan, 1993). The second Healthy Volunteer study was 
undertaken in Southend on Sea on July 4th 1992 (Jones et a l ,  1993). The findings 
were, in general, in agreement with those of other epidemiological studies. The Beach 
Survey showed a correlation between the reporting of diarrhoea and gastrointestinal 
symptoms and counts of total coliform bacteria and enteroviruses in subjects taking 
part in water activities. These results were only significant when total coliform counts 
reached or exceeded the Imperative level set out in the EU bathing water Directive 
(CEC, 1976a) or the average counts of enteroviruses were 10-40 times greater than 
the Imperative standard. No significant correlation was found between infections of 
the eye, ear, nose and throat, and skin infections and the indicators when the water 
was sampled at the standard depth required in the EU Directive (CEC, 1976a). The 
degree of water contact was shown to be related to the rate of reporting of symptoms 
concerning the eyes, ears, nose, throat and respiration, and gastrointestinal and 
diarrhoea symptoms. Symptoms were most frequently reported by 15-24 year olds. 
The Healthy Volunteer studies did not include any volunteers below the age of 18 for 
ethical reasons and therefore part of the age group found to most frequently record 
symptoms in the Beach Survey was missing. The Healthy Volunteer study found little 
agreement between self reporting of symptoms and clinical findings (Pike, 1994). The 
involvement of the media in recruiting volunteers for the Healthy Volunteer study may 
have influenced the volunteers perception of illness but this is not confirmed. 
Significant correlations were found between water quality at different depths and 
various symptoms reported by bathers. However, the Healthy Volunteer study was 
confined to water which is known to meet the standards of the EU Directive (CEC, 
1976a) therefore it is more difficult to establish a relationship between water quality 
and health risks (Rees, 1993).
A number of other criticisms can be made relating to the design of this phase of the
study. The four beaches used for Phase III of the Beach Survey had extensive tidal 
ranges and short sewage outfalls. Swimmers would have to walk around 1 Km to 
swim at low tide when water quality was at its poorest. The sampling was therefore 
carried out when conditions would produce the most favourable results (Rees, 1994). 
Sampling took place at 30 cm below the surface at one metre depth, in accordance 
with the guidelines set out in the EU bathing water Directive (76/160/EEC; CEC, 
1976a). However, swimmers and surfers would be found in much deeper waters and 
could therefore be exposed to variations in counts of indicator bacteria which can 
occur from day to day as a result of sampling in different places and times and with 
different weather conditions (refer to section I 4.2.1. c for further discussion). The 
sampling regime did not therefore reflect the quality of the water experienced by 
divers/surfers or the duration of exposure (Rees, 1994). Variations in counts of 
indicator bacteria could also occur as a result of errors in replicate sampling and 
within laboratory replication errors, confirmed by a recent investigation into the 
performance of methods for microbiological examination of bathing water (EC, 
1995b). Variations in counts can also occur as a result of different treatment 
processes.
In the final report issued by the DoE in 1994, the Healthy Volunteer study did not 
feature significantly. The results obtained by this method are only applicable to 
healthy adults bathing at chest depth in waters which had passed the Imperative 
requirements for faecal and total coliforms of the EU bathing water Directive (CEC, 
1976a). It was thus apparently not considered a suitable method to determine the 
health effects of sea bathing (Pike, 1994).
The results of these and many other studies have identified a link between bathing and 
subsequent illnesses such as headaches, sore throats and gastroenteritis and have led 
to the increasing concern and interest in the marine environment reflected in the 
media and in subsequent developments in water quality policy. Central to the issues 
of both water quality and beach cleanliness is the legislative framework currently in 
place. In the light of recent research the legislation currently in place concerning 
bathing water quality is rightly under review (refer to section I 4.2.1.f).
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I 4. Legislation concerning the coastal environment
It is obvious that the coastal zone is subject to intense pressures from a variety of 
sources (Gubbay, 1996). A considerable amount of legislation is in existence 
addressing the issue of marine pollution. A legislative framework is essential to define 
the role of the specific bodies and levels of government involved in coastal 
management, to resolve the conflicting uses of the marine environment and to set 
environmental quality objectives (Cardoso Da Silva, 1996). A legal framework 
provides the basis for environmental standards, and is essential to promote sustainable 
use of the coastal zone, protect public health and ensure economic benefits from the 
resources that the coastal environment provides. There are many aspects of coastal 
management such as water quality, control of pollution, and shipping which cannot 
be addressed solely by national legislation (Cardosa Da Silva, 1996). European and 
international legislation is therefore crucial to ensure a common legal framework. 
The main Acts and Directives applicable to the UK are described below. For a full 
review of all legislation relating to the marine environment refer to Haigh (1987).
I 4.1. Legislation concerning marine debris
1 4.1.1. Environmental Protection Act (1990)
The Environmental Protection Act was introduced in 1990 in England and Wales and 
placed a new responsibility on local authorities, the Crown, designated statutory 
undertakers and land owners to 'keep land to which the public has access free o f litter 
as fa r  as is practicable' (HMSO, 1990b). Previous legislation relating to litter control 
such as the Control of Pollution Act 1974, the Refuse Disposal Act 1978 and the 
Amenity Act 1983, did not address this responsibility. The Environmental Protection 
Act requires land to be of a certain standard of cleanliness defined in a code of 
practice. Within this Act 'amenity beaches' are required to be kept free of litter and 
refuse between May and September. This includes items originating from discharges 
as well as from beach users. However, this only applies to the land above mean high 
water (in England and Wales) and mean high water springs (in Scotland). Under
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section 80 of the Environmental Protection Act local authorities can serve abatement 
notices on those who are responsible for creating a nuisance. Section 79 (1) (e) states 
that a statutory nuisance includes 'any accumulation or deposit which is prejudicial 
to health or a nuisance' (HMSO, 1990b). Although local authorities have statutory 
powers to deal with polluters of the coastal environment enforcement is both difficult 
and expensive. The maximum fine for littering is £2,500.
1 4.1.2. International Convention for the Prevention of Pollution from  
Ships (MARPOL 1973/78)
The Convention was first enforced in 1983. It aims to regulate all forms of marine 
pollution from ships and consists of five annexes: Annex I deals with oil; Annex II 
- noxious liquid substances by bulk; Annex III - harmful substances carried by sea in 
packaged form or in freight containers, portable tanks and rail tank wagons; Annex 
IV (not yet ratified in the UK) - sewage; Annex V (came into force in 1988) - 
pollution by garbage from ships.
Annex V sets strict controls over the disposal of rubbish into the sea from ships. The 
controls vary according to the type of waste and the area in which the ship is located. 
Minimum distances from land are set inside which certain types of rubbish can be 
disposed. For example, disposal of all plastics is prohibited except in 'Special Areas' 
in which disposal is prohibited within 12 miles of land. Dumping of dunnage, lining 
and packing material that floats is prohibited within 25 miles of land. This legislation 
has also proved to be difficult to implement, primarily because of tracing offenders 
(Nineber, 1994).
In connection with marine pollution from ships and in response to the Lord Donaldson 
Inquiry after the sinking of the Braer in January 1993 (The Guardian, January 6th 
1993 a,b), the Department of Transport recently announced 18 new measures to 
improve the provision and use of port waste reception facilities, including the free use 
of port facilities and the possible mandatory use of port reception facilities for ships 
leaving ports. The Marine Safety Agency are to police these facilities. The measures
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also included the proposal to set up a consultative group on MARPOL (Department 
of Transport, 1996).
1 4.1.3. Merchant Shipping Regulations (1988)
This is the legislation through which the UK government implements the MARPOL 
Convention. There are three parts to these regulations. The Merchant Shipping 
(Prevention of Pollution by Garbage) Regulations 1988 implements Annex V of 
MARPOL and therefore bans the disposal of plastics and sets the specific distances 
from land for the disposal of other rubbish. Ships are also required to allocate space 
to store the rubbish before it can be disposed of. The maximum fine for the illegal 
disposal of garbage is £1000 in a Magistrates Court and unlimited if convicted under 
the Crown Court. The legislation is difficult to enforce (Parkinson, 1992) and only 
one prosecution has been successful in the UK - a fishing vessel was fined £100 
(Moreton, 1994).
All harbour authorities and terminal operators are required to provide the necessary 
reception facilities for garbage from ships under the Merchant Shipping (Reception 
Facilities for Garbage) Regulations 1988. Failure to provide these can result in a fine 
of up to £2000. These regulations are also implementing Annex V of MARPOL. 
Annex I of MARPOL is implemented in the UK by the Merchant Shipping 
(Prevention of Oil Pollution) Regulations 1983. Ships covered by these regulations 
must not discharge oil into the sea.
I 4.2. Legislation concerning bathing water quality
Most of the early legislation concerning water pollution was in response to specific 
incidents rather than as a preventative measure (NRA, 1994). The Public Health Act 
1848 for example established provisions for improving sanitary conditions in England 
and Wales. Subsequently, amendments were made and additional Acts brought in. 
Currently, the Water Resources Act, 1991 and the Environmental Protection Act, 
1990 are the principal Acts under which water pollution is addressed in the UK.
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However, EU Directives and international Conventions also have a considerable 
impact on the control of discharges, in particular the EU Directive on the quality of 
bathing water (EEC/76/160; CEC, 1976a) and the UWWT Directive (EEC/91/271; 
CEC, 1991a). In the UK compliance with many of the Directives and Conventions is 
generally met through existing national legislation.
1 4.2.1. EU Directive on the quality of bathing water (EECf76/160)
The UK is legally obliged to comply with the standards set in the EU Directive on the 
quality of bathing water (EEC/76/160; CEC, 1976a). This sets out the quality 
requirements for identified bathing waters in each Member Country to 'reduce the 
pollution o f bathing water and to protect such water against further deterioration'. 
The standards were set in order 'to protect the environment and public health' and 
were to be met by 1985 in those areas notified as bathing areas when the Directive 
was signed. Those areas identified as bathing areas after 1975 were given two years 
to reach the standards. In the UK only 27 bathing waters were identified (HCEC, 
1990) and it was not until 1987 that the British Government identified many of the 
most popular resorts such as Blackpool as bathing areas (HMSO, 1995). Only 56% 
of the identified beaches reached the standards set by the Directive at that time 
(currently 89% comply; EC, 1996). The bacteriological and physio-chemical standards 
required by the Directive are shown in Tables I 15 and I 16.
The Directive specifies minimum sampling frequencies - fortnightly for most 
parameters - but this does not apply to all 19 parameters listed in the Directive (CEC, 
1976a). For example, faecal streptococci, Salmonella and enteroviruses only need to 
be checked when the competent authority believe they may be present. The Directive 
specifies how and where the samples should be taken but does not specify the methods 
of analysis, although reference methods are set out in the Directive. For the analysis 
of total coliforms and faecal coliforms the Directive allows two alternative methods: 
MPN Method and membrane filtration. Both these methods measure the density of the 
indicator organism against the given standard (for further discussion refer to section 
in  4.5.3).
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Table I 15. Microbiological standards of water required by the EU bathing water
Parameters Guideline standard Im perative standard
Total coliforms 500 per 100 ml (80%) 10 000 per 100 ml (95%)
Thermotolerant (faecal) coliforms 100 per 100 ml (80%) 2000 per 100 ml (95%)
Faecal streptococci 100 per 100 ml (90%) None
Salmonella None 0 per 1 litre (95%)
Enteroviruses None 0 per 10 litres (95%)
Source: (CEC, 1976a). Values in bracJkets indicate the percentage of samples required to
comply.
Table 1 16. Physico-chemical parameters set down in the EU bathing water Directive
Param eters Guideline
standard
Im perative
standard
M inim um  sampling 
frequency
pH None 6-9 2
Colour None No abnormal 
colour change
Fortnightly
1
2
Mineral oils None No film visible on 
surface
Fortnightly
1
2
Surface- active 
substances reacting with 
methylene blue
None No lasting foam Fortnightly
1
Phenols None No specific odour 
< / =  0.05
Fortnightly
1
2
Transparency (m) 2 1 Fortnightly
1
Dissolved oxygen (% 
saturation oxygen)
80-120 None 2
Tarry residues and 
floating materials
absence None Fortnightly
1
Ammonia None None 3
Nitrogen None None 3
Pesticides None None 2
Heavy metals None None 2
Nitrates and phosphates None None 2
Cyanide None None 2
a factor of 2 if the sample taken in the previous year produced results better than those specified; 2 =  Concentration 
must be checked when inspection of the bathing water shows that the substance may be present or that the quality 
of the water has deteriorated. 3 =  Parameters must be checked when there is a tendency towards eutrophication
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1 4.2.1. (a) Criticisms of the EU standards
The Imperative and Guideline standards of microbiological determinands set in the 
Directive were published before many of the major epidemiological studies had been 
carried out (section 13.3). The aim of these standards was primarily to protect human 
health. The current standards are thus based on research undertaken more than 20 
years ago. A recent study has confirmed that the existing EU standards are 
inappropriate for the protection of human health (Kay et a l,  1994). The risk of 
bathing in a polluted water is determined by the health of the local community 
producing the discharge (G. Rees, pers. comm.). As Rees (1993) indicates, the 
difficulty arising with setting health-related standards is that the relationships between 
water quality and health are continuous. An acceptable level of risk therefore needs 
to be established.
1.4.2.1. (b) Appropriate indicators
Evidence has shown that the current indicators used by the EU to measure water 
quality may not be the most appropriate: Faecal coliform density has been shown to 
have only a weak correlation with gastrointestinal symptoms (Cabelli et a l ,  1982) and 
faecal streptococci and E. coli have been shown to be more significantly related to 
gastrointestinal symptoms than total coliforms which are now considered to have 
virtually no correlation with these symptoms (Kay et a l,  1994; EC, 1995b). Studies 
in Bristol City Docks showed that 27% of people participating in snorkel-swimming 
events experienced gastrointestinal symptoms within 48 hours of entering the water 
even when the water met the standards set by the EU Directive for bathing water 
(Philipp et a l ,  1985). Research in Canada suggested that, at least in freshwater, total 
staphylococcal counts may be a better indicator of likely health risk than faecal 
coliforms, faecal streptococci, heterotrophic bacteria or Ps. aeruginosa (Seyfried et 
a l ,  1985a,b).
The Beach Survey studies conducted in the UK (discussed in section I 3.4) showed 
that, in contradiction to Kay et a l,  1994, for water users and waders in coastal waters
the strongest overall correlations with diarrhoeal symptoms were shown with total 
coliform bacteria and enteroviruses, but faecal coliform bacteria and faecal 
streptococci should not be discounted (Pike, 1994). In particular, faecal streptococci 
are more resistant than E. coli to environmental stress (Table 1 17), are rarely found 
in an unpolluted environment and are a better indicator for the potential presence of 
viruses (Rees, 1993). Since viruses are probably the major cause of minor infections 
attributable to swimming in polluted waters (Walker, 1992; Kay et a l ,  1994), a 
standard for an indicator of viral presence is essential. The Healthy Volunteer study, 
conducted during the same period as the Beach Survey study, showed a significant 
relationship between faecal streptococci and gastrointestinal symptoms measured at 
chest depth (Pike, 1994). At present there is only a Guideline standard for faecal 
streptococci in the EU Directive (Table 1 15) but even this is rarely taken into account 
in the pass/fail decision. A more representative assessment of the quality of the water 
may be made if standards for this indicator are included in the EU Directive.
A recent investigation into the reliability of measuring these indicators concluded that 
amongst the group of faecal coliforms, E. coli itself was the only reliable index (EC, 
1995b). Amongst the faecal streptococci it was found that measurement of four 
species - E. faecium, E. faecalis, E. durans and E. hirae - could be reliably compared 
when different sampling methods were used. Also to be considered is the 
compatibility of sampling between different countries and laboratories. It is essential 
that those organisms that can be reliably measured and compared, irrespective of the 
method used, are the chosen indicators. The total coliforms are considered too large 
and non-selective and therefore of no interest as faecal indicators (EC, 1995b). This 
parameter has been dropped in the proposal to revise the EU bathing water Directive 
(refer to section I 4.2.1. (f)). For Salmonella, at present, an Imperative value of 
zero in 1 litre of sea water is set in the EU Directive, but in practice this is difficult 
to achieve due to the large number of potential diffuse sources of this organism from 
seabird droppings and other sources (HMSO, 1995). The reported infectious dose for 
humans of Salmonella is relatively high (between 105 and 107 organisms) and 
therefore the standard which assumes that one Salmonella organism in one litre of sea 
water presents a significant risk to bathers is questionable (EC, 1995b). This
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particular determinand is therefore also dropped in the proposed revision of the 
bathing water Directive (CEC, 1994).
An Imperative value for enteroviruses is also set in the bathing water Directive (zero 
in 10 litres). However, enteroviruses are poor indicators of faecal pollution - they are 
not associated with the source of the pathogen, they are not abundant and are 
expensive to quantify. However, they are resistant to environmental stress and survive 
longer than E. coli (EC, 1995b). It has recently been suggested that E-specific RNA 
bacteriophages are appropriate models for enteroviruses in sea water (EC, 1995b). 
These are small viruses, parasitic to bacteria, which are infrequently found in human 
or anim al faeces but frequently occur in domestic wastewater. It is unclear whether 
this is directly due to the faeces found in the wastewater only or if phages multiply 
in the sewage environment. It has been shown that multiplication of E-specific RNA 
phages occurs in the environment only where there are fresh faeces and where the 
numbers of bacteriophages and host bacteria are high (Havelaar, 1993). 
Bacteriophages have a high resistance to environmental stress and to effluent 
disinfection treatments, as do human viruses (Havelaar, 1993). They specifically 
attach to the F pili of male E. coli strains and are more abundant than human viruses. 
It is known that E-specific RNA phages are consistently present in untreated 
wastewater but do not occur consistently in human faeces (Havalaar, 1993). Their 
suitability as indicators of human pathogenic viruses is therefore not yet established 
although they possess many of the characteristics required for indicators (EC, 1995b).
There are two other groups of bacteriophages which are being considered as indicators 
for viruses in water - somatic coliphages, for which the host strain is E. coli C, 
frequently found in human and animal faeces and wastewaters, and Bacteriodes 
fragilis phages, whose host strain B. fragilis HSP40 occurs in human faeces but not 
anim al faeces. However, both these have disadvantages over F -R N A  phages. The B. 
fragilis phages have been found in lower numbers in sewage than those of other phage 
groups and therefore detection would be more difficult and potentially inaccurate 
(Havalaar, 1993). The somatic coliphages are difficult to detect specifically because 
currently the methods available do not exclusively detect phages from faecal origin
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Table I 17. Relative resistance of bacteria and viruses to environmental stress
Conditions
Type Harsh (sunny, 
warm, clear sea 
water
Moderate (deeper 
water, cooler, dull 
weather)
Protected 
(associated with 
suspended or settled 
sediment)
Coliforms One to few hours Hours to days A few days
E. coli Hours to one day A few days Days to weeks
Faecal streptococci 
(enterococci)
One to a few days Days to week Weeks
Human pathogenic 
viruses
A few days Days to weeks Weeks to months
Source: (HCEC, 1990).
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but also includes those that multiply in unpolluted freshwater. In addition, the 
occurrence of somatic coliphages is not definitively related to the presence of human 
pathogenic viruses and as a group they are found to be less resistant to water 
treatment processes than are F-specific RNA phages which behave more like human 
viruses under such conditions (Havaalar, 1993) .
1 4.2.1. (c) Sampling procedures
Coliform densities have been shown to be affected by a number of factors such as 
season, tides and sewage discharge patterns (temporal factors), the position along the 
shore and depth (spatial factors) and variable factors such as weather conditions and 
discharges (Fleisher, 1985; HMSO, 1995). In addition, microbiological counts are 
dependent upon the method of enumeration (EC, 1995b). The EU Directive allows 
flexibility in the method of coliform and faecal streptococci analysis which may make 
comparisons between Member States difficult and results open to criticism. Either the 
MPN or membrane filtration techniques can be used (refer to section II 3.2.2. (b) for 
details). The Directive suggests three recovery media, subculturing and identification 
of the total and faecal coliforms. It does not mention resuscitation procedures or state 
the temperature or length of time of incubation. For faecal streptococci and 
Salmonella no specific media are suggested (CEC, 1976a). Different methods may 
recover different proportions of the total population of bacteria due to their different 
selectivity. This becomes particularly important when measuring bacteria in sea water 
which are already under stress due to factors such as salinity, solar radiation and other 
nutrients. Investigation into the performance of methods for the microbiological 
examination of sea water confirmed the variability that can occur with different 
methods such that bathing waters can be assessed as complying with the Directive 
using one method and as not complying using a different method (EC, 1995b). It is 
common in EU States that different techniques, media and confirmation techniques are 
used amongst the different regions and therefore the results cannot be strictly 
compared (WHO, 1995). It is therefore recommended that a standard should be made 
available for the validation of microbiological methods, a certificate of guarantee 
should be obtained from the culture media manufacturers, quality assurance systems
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should be set up in laboratories, a definition of an acceptance sampling scheme is 
identified for bathing waters and the sampling, transport and storage conditions of the 
samples are specified (EC, 1995b).
It has been suggested that there should be more emphasis on maximising the number 
of samples obtained (Fleisher, 1985; 1990). Inconsistencies in test procedure such as 
sample dilutions, incubation conditions and counting of colonies will all contribute to 
variations in results obtained (Lewey & Rees, 1996).
In order to overcome potential inconsistencies in laboratory techniques it has been 
suggested that results should come from duplicate samples sent to the same laboratory, 
split samples sent to different laboratories, consecutive samples taken from the same 
point and the same depth and samples taken from the same depth at adjacent points 
(Philipp, 1991). The EU Directive does not specify whether samples should be taken 
at high or low tide (high tide is thought to result in greater dispersion of the affecting 
organisms; HCEC, 1990).
The weather also affects the density of indicator organisms but it does not specify in 
the EU Directive under what weather conditions samples should be taken. Some 
countries, such as Italy ignore results of samples taken in or after stormy weather 
(Which Holiday? Report, 1993).
1 4.2.1. (d) Sampling frequency
It appears that the sampling frequency also needs to be reviewed (Jones et a i ,  1990). 
The frequency of sampling required by each Member State varies depending on the 
length of the bathing season. For example, Greece take an average of one sample per 
thirteen days whereas in the UK an average of one sample per six days of the bathing 
season is taken (EC, 1996). The Directive also allows the sampling frequency to be 
reduced if water quality has been above the standards laid down in the Directive in 
previous years (EC, 1995a). Elsewhere in the world the frequency is different again 
- in Canada and the USA at least five samples are taken over a 30-day period
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(USEPA, 1986). In Toronto standards require samples to be taken daily and then a 
resample taken if any samples reach 400 faecal coliforms per 100 ml (MNHW, 1992). 
Jones et al. (1990) suggest that even twenty samples per bathing season may be too 
few to provide meaningful statistical analysis. In addition, the analysis is completed 
too late in the bathing season to allow any appropriate management action if an area 
is found to fail the relevant standards (Jones et a l ,  1990).
1 4.2.1. (e) Scope of the Directive
It is well known that many beaches which are regularly used for bathing and other 
recreational use such as windsurfing, diving and sailing are not 'official' or 
'identified' bathing beaches (Lewey & Rees, 1996). The UK has only identified 
coastal bathing sites under the terms of the Directive even though the Directive relates 
to all recreational waters where 'bathing is not prohibited and is traditionally 
practised by large numbers o f bathers' (CEC, 1976a). Sites are only monitored during 
the 'official' bathing season - however these sites may be used for recreation outside 
these times allowing potential health risks to go unmonitored. It is therefore essential 
to monitor the quality of those waters used for recreation on a frequent and regular 
basis to identify potential health risks.
1 4.2.1. (f) Revision of the EU bathing water Directive
At the beginning of 1994, the EU announced its intention to revise the 1976 bathing 
water Directive to take account of new scientific evidence. The proposals include the 
omission of the total coliform, Salmonella and various physico-chemical determinands. 
In addition, an Imperative standard for faecal streptococci was proposed at 400 per 
100 ml. Monthly samples taken during the bathing season will also be monitored for 
enteroviruses unless the water has met the Guideline standard for E. coli and the 
newly proposed Imperative standard for faecal streptococci in the previous two 
bathing seasons. In these circumstances the bathing water must be monitored once 
more during the bathing season for enteroviruses. The proposals also included a 
suggestion to ban bathing at beaches where discharges of pollution are
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'unsatisfactory', to add a requirement for the absence of sewage solids and to 
eventually replace the standard for enteroviruses with a bacteriophage parameter 
(CEC, 1994). The proposal to revise the bathing water Directive prompted an enquiry 
in the UK by a House of Lords Select Committee which aimed to 'clarify the health 
risks arising from bathing, the extent to which these risks might be measured and 
reduced and the likely costs o f so doing' (HMSO, 1995).
As a result of the House of Lords enquiry a number of recommendations were made 
to the Commission of the European Communities. It was agreed that E. coli is a better 
indicator of faecal pollution than total or faecal coliforms and that the Salmonella 
parameter should be omitted from the Directive and replaced by a bacteriophage 
standard. The enquiry recommended that the Directive should concentrate on 
monitoring indicators of public health risks - microbiological parameters - rather than 
physical parameters such as colour of the water. The proposal to close bathing waters 
where pollution was 'unsatisfactory' was not accepted as practical but emphasis was 
put on immediate publication of results to inform the public of the risks of bathing in 
waters failing the standards (HMSO, 1995).
The enquiry could not conclude whether the proposal to set a standard for faecal 
streptococci at 400 per 100 ml sea water was adequate or not for protecting human 
health. Research carried out in the UK (Pike, 1994 and section I 3.3) shows that at 
a concentration of 80 per 100 ml there is a greater risk of diarrhoea from bathing than 
from eating various foods. It was agreed that faecal streptococci were a valuable 
indicator. Rees (1993) and Kay et al. (1994) also supports the inclusion of a standard 
for faecal streptococci. The enquiry also recommended that further research is carried 
out into the depth at which samples are taken. The final report of the Health Effects 
of Sea Bathing (Pike, 1994) demonstrated that measurements at chest depth show an 
increased risk of gastrointestinal illness where the concentration of faecal streptococci 
exceeds a value well below that set by the bathing water Directive. It is expected that 
a decision on the revision of the Directive will be announced in the autumn of 1996.
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14.2.1. (g) Application of the EU bathing water Directive in the UK
The UK bases compliance with the bathing water Directive on the Imperative 
standards for faecal and total coliforms. In the UK there are currently 464 identified 
bathing beaches (plus six in Gibraltar; EC 1996). All these sites are in coastal 
locations, despite the increased popularity for water-based sports in freshwater. The 
Environment Agency is responsible for monitoring the quality of the water in the UK. 
Regular samples are taken at each site throughout the bathing season (on average one 
sample every six days is taken between May 15th and September 30th in England and 
Wales and between June 1st and September 15th in Scotland and Northern Ireland; 
EC, 1996). A resort will then either pass or fail according to the standards set out in 
the Directive. The results are issued to the responsible local authority for each site 
who then publicise the results on notice boards at the beach. Based on this information 
the public can then supposedly make an informed choice about whether to swim at 
that beach or not.
1 4.2.2. Urban Waste Water Treatment Directive 1991 (97/27/EEC)
It was only in 1989 that the discharge of untreated or raw sewage at sea was seen as 
unacceptable by the EU. The UWWT Directive, introduced in 1991, requires all 
sewage discharges from populations over 10,000 in coastal areas and 2,000 in 
estuarine areas to receive secondary treatment (CEC, 1991a). Tertiary treatment is 
required for discharges to 'sensitive' waters whereas 'less sensitive' waters will 
require only primary treatment. A total of 36 'sensitive' areas and 82 'less sensitive' 
areas were designated in May 1994 (ENDS Report, 232, 1994b).
Within the UK, the UWWT Directive required a major change in UK policy but no 
new legislation was introduced to deal with the Directive. The Water Act 1989, Trade 
Effluent (Prescribed Processes and Substances) Regulations 1989 and the Food and 
Environment Protection Act 1985 were considered to cover all the provisions of the 
Directive. Implementation of the Directive has been substantially delayed by the UK 
Government due to the potential costs of improving sewage works (ENDS Report,
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227, 1993a,b; ENDS Report, 228, 1994a). In 1993 the Government claimed that the 
initial estimate of £2 billion required to comply with the Directive was a considerable 
underestimate and therefore implementation would have to be delayed. OFWAT 
estimated that the cost would be around £10 billion (ENDS Report, 228, 1994a). 
However, this estimate also included costs for other commitments, including the 
phasing out of sewage sludge dumping, made in 1990 before the UWWT Directive 
was drawn up. In 1990 a House of Lords Select Committee was also given an 
estimate of cost of compliance with the Directive by the Water Services Association 
which was 'well in excess o f seven thousand million pounds'. The Government must 
therefore have been aware of the potential costs before committing itself to the 
Directive. In order to reduce the costs of compliance a number of loopholes have been 
exploited. For example, the designation of 'less sensitive areas' will help to reduce 
costs. It was also agreed that if sewage works discharge through long sea outfalls or 
to dispersive waters then they would not need to be altered in any way to deal with 
increased flow in storms thus saving money. In addition, 'discretionary' spending on 
sewage treatment to meet the non-statutory RQOs would also be cut (ENDS Report, 
234, 1994a).
The Government's claims that such cost cutting is necessary because the public would 
not be prepared to pay higher water bills is not substantiated according to recent 
opinion polls (ENDS Report, 232, 1994c). In August 1992, an OFWAT- 
commissioned poll showed that the public placed environmental issues such as sewage 
treatment standards second only to drinking water standards and in 1993 a DoE- 
commissioned survey showed that 56% of those polled were 'very worried' about 
sewage on beaches and bathing water. In the same survey 62% of respondents were 
willing to pay for environmental protection through higher prices of goods and 
services (ENDS Report, 232, 1994c).
1 4.2.3. Shellfish waters
Regular monitoring of waters used for harvesting shellfish for human consumption is 
essential. In Bari, Italy in 1994 there were ten cases of cholera linked to the
consumption of uncooked fish and shellfish leading to severe effects on the tourist and 
fishing industries (WHO, 1994). The EU Directive 79/923/EEC concerned with 
shellfish waters does not protect the quality of shellfish for consumption but ensures 
a suitable environment for shellfish growth (CEC, 1979b). The Directive sets 12 
physical, chemical and bacteriological parameters. In Britain no new legislation has 
been introduced to deal with the Directive and it is dealt with by the Control of 
Pollution Act 1986 which controls discharges to estuaries and coastal waters up to a 
three-mile limit. The Environment Agency are responsible for monitoring shellfish 
waters in England and Wales (NRA, 1994), the Rivers Purification Board in Scotland 
and the DoE (NI) in Northern Ireland. At present there are 311 sites designated for 
bivalve production in the UK. EU Directive 91/492/EEC was designed to protect the 
consumers of shellfish and sets bacteriological and chemical standards for live 
bivalves. Member States are obliged to designate bivalve production areas and classify 
them according to the treatment required by the shellfish to be fit for human 
consumption. In the UK this Directive is implemented by the Food Safety (Live 
Bivalve Molluscs and Other Shellfish) Regulations, 1992 (SI 1992 No 3164). EU 
Directive 91/493/EEC sets the regulations for putting bivalve molluscs on the market 
and it is implemented by the Food and Safety (Fishery Products) Regulations, 1992 
(SI 1992 No 3163) and the Food Safety (Fishery Products on Fishing Vessels) 
Regulations, 1992 (SI 1992 No 3165).
The UK is subject to a number of other international Conventions and EU Directives 
which affect the marine environment (Table 1 18). In addition, local legislation in the 
form of by-laws initiated by District Councils control local problems. Such issues may 
include control of watersports, dog-fouling, noise from recreational boats, the safe use 
of water and other potential physical hazards (Pickering, 1996) (Plate I 4). There is 
thus a plethora of legislative measures in place, at all levels, but many of these appear 
to be ineffective, largely because of the difficulty of enforcement. It is also clear that 
the marine environment is being treated in isolated sections - for example legislation 
covering water quality is separate from that dealing with the adjacent beach area. 
However, the issues of water quality and beach cleanliness are inseparable if the coast 
is to be managed as a healthy recreational and economical resource. At present the
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Table 1 18. EU legislation and international Conventions relevant to the UK coastal 
zone.
Directive/Decision Purpose
75/438/EEC Convention for the 
Protection of the Environment of the 
North East Atlantic (Paris Convention) 
(CEC, 1975a)
To prevent pollution of the North East Atlantic 
including the North Sea from land based sources
Dir. 76/464/EEC concerning Dangerous 
Substances (CEC, 1976b)
Lists the groups of dangerous substances to be 
eliminated and those to be reduced from 
community waters
Dir. 78/176/EEC, Directive on Waste 
from the Titanium Dioxide Industry 
(CEC, 1978)
Aims to prevent and reduce pollution caused by 
waste from the titanium dioxide industry
Dec. 80/686/EEC, Council of 25/6/80. 
Hydrocarbons (CEC, 1980)
Establishes a consultant committee of control and 
reduction of pollution caused by the discharge of 
hydrocarbons in the sea.
Dec. 85/208/EEC, Council of 25/3/85. 
Hydrocarbons (CEC, 1985a)
Modifies 80/686/EEC
Dir. 85/337/EEC, Council of 27/6/85 
Environmental Impact Assessment 
(CEC, 1985b)
Requires certain public and private projects to be 
submitted to environmental impact assessment 
studies
Dec. 85/613/EEC, Council of 20/12/85. 
Marine Pollution (CEC, 1985c)
Concerns the discharge of mercury and cadmium 
within the convention for the prevention of marine 
pollution from land based sources
Dec. 86/85/EEC Council of 6/3/86 
Hydrocarbons (CEC, 1986a)
Establishes a community information system for 
the control and reduction of pollution caused by 
the discharge of hydrocarbons and other dangerous 
substances included in Dir. 76/464/EEC
Dec. 86/280/EEC, Council of 12/6/86. 
Dangerous Substances (CEC, 1986b)
Concerns the limit values and quality objectives 
for the discharges of certain dangerous substances 
included in Dir. 76/464/EEC
Dir. 91/676/EEC, Council of 22/12/88, 
Nitrates from Agricultural Sources 
(CEC, 1991b)
To prevent or reduce the pollution of water caused 
by inorganic fertilizer and manure on farmland
Dir. 92/43/EEC, Council of 22/7/92 
Habitats (CEC, 1992)
Concerns the conservation of natural habitats and 
of wild fauna and flora
84/358/EEC Agreement for Co-operation 
by Dealing with Pollution of the North 
Sea by Oil (Bonn Agreement) (CEC, 
1984)
To ensure co-operation between states on the 
North Sea to provide advice and supplies to deal 
with oil spills or other hazardous substances in the 
North Sea
Sources: (Cardosa Da Silva, 1996; Haigh, 1987). Legislation not included in Table I 18 has 
been discussed in section I 4. Dec., Decision; D ir., Directive.
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Plate I 4. Recreational pressures on the coastal zone.
Waterskiing and jetskiing are two sports which may require local control in the form 
of byelaws or zoning.
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whole management system for the coast is disjointed. The final section of the 
introduction reviews the history and current framework for coastal management in the 
UK, with particular reference to the development of the concept of integrated CZM.
I 5. Coastal management
Effective planning and management of the coast is essential to deal with the pressures 
that are continually exerted upon it. CZM is typically concerned with resolving 
conflicts between many coastal users and determining the most appropriate use of 
coastal resources (Sorensen et a l ,  1984). However, the definition of the coastal zone 
is one which varies. It is generally assumed to include the coastal land, foreshore and 
the adjacent sea (Gubbay, 1991). Ketchum (1972) defines the coastal zone as 'the 
band o f dry land and adjacent open space (water and submerged land) in which land 
ecology and use directly affect open space ecology, and vice versa. The coastal zone 
is a band o f variable width which borders the continents, the inland seas and the 
Great Lakes '.
Definitions of CZM also vary between countries but in all cases the aims of the 
concept are to promote a programme which is environmentally sensitive and is based 
on the principles of balanced, sustainable use. The Coastal Area Management and 
Planning Network (in 1989) defined CZM as: 'a dynamic process in which a co­
ordinated strategy is developed and implemented fo r  the allocation o f environmental, 
socio-cultural and institutional resources to achieve the conservation and sustainable 
multiple use o f the coastal zone' (Coastal Area Management and Planning Network, 
1989 as cited by Gubbay, 1991). Gubbay (1990) defines the aim of CZM in the UK 
'to ensure the long-term future o f the resources o f the coastal zone through 
environmentally sensitive programmes, based on the principle o f balanced, sustainable 
use. '
Planning and management for the coastal zone in the UK has, for the last 50 years, 
been based on separate systems for the land and adjacent waters. On the landward 
side the Town and Country Planning Act (1932) allowed District Councils to develop 
coastal areas to take advantage of the increasing demands of recreation and the coast
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became under developmental pressure (Sheail, 1976). It was not until 1936 that it 
was first suggested that there should be established 'a committee to consider the 
conservation o f the shores o f England' (Sheail, 1976). The Scott Committee (1941) 
was established and recommended that the coast should be planned for in its entirety 
rather than as part of several planning schemes. However, it was agreed by the 
Ministry of Town and Country Planning that National Parks and coastal preservation 
should be treated as separate planning issues (Sheail, 1976). Following the Second 
World War it was agreed that a national plan was needed to restore coastal resorts. 
The Government required positive reasons for protecting the coast and two national 
surveys were established to identify the optimum use of the coast in different regions 
(Steers, 1944; 1946). From these, the need for a national planning policy rather than 
just regional plans to provide effective preservation of the coast was identified (Steers, 
1946).
A central coastal planning authority has never been established in the UK - local 
government has always been responsible for planning. The problems of coastal 
development and the weaknesses of the planning system have long been recognised 
(Edwards, 1993). The unco-ordinated and badly defined plans in existence for the 
coast was apparent as early as 1966 after maritime County Councils were asked to 
produce plans showing future developments and plans for protection of the coast 
(Countryside Commission, 1970).
The National Parks Commission was directed by the Government to establish a series 
of regional conferences to discuss long-term policies for the coast. On the basis of the 
information collected from these conferences, in combination with the results of the 
study conducted by Steers (1944), 34 Heritage Coast areas were designated by the 
Countryside Commission in collaboration with local authorities as being the best 
examples of coastal scenery in England and Wales (Countryside Commission, 1970). 
The primary aim of the scheme was to protect these areas from development, and the 
reports from the conferences provided the guidelines for future coastal management 
in Britain. However, the Heritage Coast scheme was slow to develop largely due to 
lack of co-operation between local governments and interest groups and the lack of
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formal statutory power (Cullen, 1984). Since the late 1950's, interest groups such as 
the Council for the Protection of Rural England have campaigned for proper 
management of the coastal zone. In 1965 public attention was focused on protection 
of the coast for the first time with the launch of Enterprise Neptune by the National 
Trust (Cullen, 1984).
The present system of statutory Structure Plans was introduced in 1968 through the 
Town and Country Planning Act. This required each authority to submit a statement 
of general policy and proposals for their own, and neighbouring, areas. Local plans 
could also be prepared but these required only local approval. In the 1980's 
development control was moved from the county level to the district level.
I 5.1. Current framework for coastal management in the UK
The current system for coastal management in the UK is thus based on the revision 
of Acts and programmes such as the Town and Country Planning Act, the Local 
Governance Act, the National Parks Programme and the National Area Reserves 
Programme which have been in existence for many years. The existing mechanism 
of planning for the coastal zone is essentially one of land use planning and is not 
adequate to cope with issues at the land/sea interface. Planning for the sea is generally 
dominated by the activity being planned for, such as recreation, pollution control and 
engineering works. There are over 80 Acts of Parliament dealing with activities 
concerned with the coastal zone and over 200 local authorities and public agencies 
with some sort of responsibility for the coastal zone (HCEC, 1992).
Within the local government structure County Councils have responsibility for 
strategic planning, minerals and waste planning, education, waste disposal, highway 
planning and construction. District Councils are responsible for development control, 
preparation of Local Plans, coastal protection and the provision of facilities on 
amenity beaches. Both authorities have responsibilities for management of land they 
own, environmental improvement work, pollution control, emergency planning and 
countryside services. The local authorities have powers under the Planning Acts and
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have the authority to make byelaws. In addition, the Crown Estate Commissioners 
lease areas of the seabed and licence some operations on the seabed, private 
landowners, Harbour and Port Authorities, the Sea Fisheries Committee and the 
Environment Agency are additional agencies which have different responsibilities for 
specific issues (Table I 19).
The involvement of so many departments and bodies with coastal responsibilities 
inevitably leads to a lack of co-ordination and integration between agencies 
responsible for the sea and land (Gubbay, 1991; HCEC, 1992). There are numerous 
examples of where duplication of responsibility occurs. For example, in the event of 
a specific pollution incident the Government relies on co-ordination of many different 
bodies. More specifically, in the case of an oil spill the relevant local authority, 
assisted and co-ordinated by the Department of Transport Marine Pollution Control 
Unit, is involved in planning and clean-up of inshore waters and beaches. The 
Harbours/Port Authority may also be involved in the clean-up process and if the 
incident occurs more than 1 nautical mile offshore the Department of Energy also 
becomes involved (Gubbay, 1991).
Another example of where duplication of responsibility occurs is that of coastal 
protection and sea defence, which is covered by two systems. The body responsible 
for this is MAFF and the Coast Protection Act is the main piece of legislation in place 
to deal with coastal protection in areas of coastline above High Water Mark with no 
risk of flooding. This Act allows coastal District Councils to carry out the necessary 
work for protection of land in their area. However, before the proposal to do the 
work is submitted to MAFF the council must consult the Environment Agency, the 
neighbouring District Council, the County Council, harbour conservancy and 
navigation authorities and the fisheries committee. MAFF then consults with the 
Crown Estates, Countryside Commission and English Nature (in England) and other 
government departments. Coastal protection works also require planning permission 
and for works below High Water Mark, a licence is required under the Dumping at 
Sea Act, 1974 (now the Food and Environment Protection Act, 1985), before the 
proposal is submitted to MAFF who then consults with the Crown Estate, the
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Table 1 19. Responsibilities of various agencies involved in managing the coastal zone 
(UK).
Authority Responsibility A rea of Jurisdiction
Local Planning Authority Planning controls Up to low water mark
Sea Fisheries Committee Fisheries byelaws Up to 3 miles offshore
Environment Agency 
(England and Wales)
Water quality Up to 3 miles offshore
Environment Agency 
(England and Wales)
Salmon fisheries Up to 6 miles offshore
English Nature and 
equivalent bodies in Scotland 
and Wales
Marine Nature Reserves Up to 3 miles offshore
Crown Estate Commission Ownership of sea bed from low water up to 12 
miles
MAFF/Scottish Office 
Agriculture and Fisheries 
Department
Fisheries agreement up to 200 miles offshore
Source: (HCEC, 1992).
108
Countryside Commission and English Nature (in England) and other government 
departments (HCEC, 1992). Areas of coastline which are low lying and are at risk 
from flooding are covered by the Land Drainage Act, 1976 (administered by MAFF). 
This Act is concerned with land drainage and the prevention of flooding of low lying 
land. Section 17 of the Act requires the Environment Agency to provide for the 
construction, improvement and maintenance of defences against inland and coastal 
flooding in England and Wales. Section 98 of the same Act gives the same 
responsibilities to coastal District Councils. A division of responsibility is therefore 
inevitable. Although new coastal defence work requires planning consent, 
improvement and maintenance work on existing sea defences is a permitted 
development under the Town and Country Planning Development Order, 1977. In 
areas which suffer from both erosion and flooding both the DoE and MAFF are 
involved.
It is clear that a number of factors are the cause of such a confused and potentially 
inefficient management system - primarily, the fact that the land and sea areas of the 
coast have traditionally been managed separately. This is particularly apparent in 
relation to the quality of bathing beaches. The water quality and beach are governed 
by separate legislation and different agencies despite their clear link through public 
health and ultimately economics, through tourism and tourism-related activities and 
industries such as the shellfish industry. The issues affecting the coastal zone are 
extremely wide ranging thus leading to many different organisations becoming 
involved and the lack of a central policy means that no consistent strategy exists for 
the preparation of coastal plans.
I 5.2. Integrated CZM
Coastal management refers to any governmental programme established for the 
purpose of utilizing or conserving a coastal resource or environment (Sorensen et a l ,  
1984). Since the late 1960's many countries have tried to introduce an 'integrated' 
system of coastal management. The USA was the first country to introduce legislation 
relating to this. The Coastal Zone Management Act, introduced in 1972, provided
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for short-term planning funds which allowed states to voluntarily incorporate their 
existing legislation and management programmes into a CZM programme without 
making vast changes to their existing plans and legislation (Healy & Zinn, 1985). The 
Act was reviewed in 1976 and clearer guidelines for coastal plans which would 
receive funding were set by the government. The Coastal Zone Management 
Improvement Act was approved in 1980 but the funding for CZM was put to an end 
during the Reagan government. The success of the concept in the United States was 
helped by external events such as an increase in environmental awareness, politics and 
the involvement of commercial organisations in the development of national coastal 
management policies (Kitsos, 1985). This approach is in stark contrast to that adopted 
in the UK, where the Government relies on an existing set of legislation. There are 
no statutory requirements for local authorities to prepare CZM plans and as a result 
a very varied set of initiatives exist throughout the UK (Gubbay, 1996).
The EU became involved in CZM in the 1970's. A system of nationwide land use 
planning systems were adopted in the UK, Sweden, France and Ireland around this 
time. In Sweden, the National Physical Plan of 1971 led to a new land-use planning 
process. Initially, planning efforts were directed towards coastal areas and lakes where 
pressures from leisure pursuits were the greatest (Sorensen et a l ,  1984). Coastal 
management in France was initiated by the Picard Report (1972) (Ministry of the 
Environment, 1982). This created the Conservatoire du Littéral which oversees land- 
use planning. The priorities were the protection of sensitive perimeters, the 
development of coastal bases for leisure and nature and the preparation of regional 
coastal plans (Ministry of the Environment, 1982). Ireland also uses a central land use 
planning authority - the National Institute for Physical Planning and Construction 
Research - which issues guidelines to local authorities responsible for land use. The 
systems in France, Sweden and Ireland are very similar to that of the UK in that 
CZM is built from a local basis (Gubbay, 1996).
There is no single approach to CZM being followed globally. The approach adopted 
tends to be as a result of the particular pressures exerted on the coastal zone. In the 
Mediterranean, for example, tourism is a particular concern that has only recently
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been addressed (Cardoso da Silva, 1996). Spain has recently recognised the pressures 
that have been exerted on its coastal zone and in response has introduced a piece of 
legislation devoted to the management and preservation of the coast - The Shores Act 
(1989) (Ley de Costas, 1989). This recognises the fragmentary nature of the previous 
legislation covering the coastal zone. The Act recognises that different agencies are 
involved in protecting the coastal zone and provides measures to try and co-ordinate 
their activities. The Act makes all beaches public property and defines regulations 
concerning buildings, camping, parking on beaches and other activities. The Act also 
gives provision for the Government to issue general and specific regulations regarding 
human safety in bathing places and on the use of beaches (Ley de Costas, 1989). The 
Act does not take away the powers of the regional Governments or Town Councils 
but provides guidelines on management. At present, no such single piece of legislation 
which is devoted solely to the coastal zone exists in the UK and there are no plans to 
co-ordinate existing legislation and provide a national framework for CZM (Gubbay, 
1996). There are two basic approaches to CZM that could be followed. A CZM 
strategy could be defined at the EU level and then implemented at country, regional 
and district levels. Alternatively, the strategy can be defined at a local level or 
regional level and then promoted nationally and ultimately at EU level.
A land-use planning system allows conflicts to be solved on land locations along the 
coast but does not provide an adequate system for coping with issues at the land/water 
interface or in the water. Regional planning is a more integrated approach in that it 
involves a greater degree of co-operation. Regional planning allows areas with urgent 
problems to be concentrated on, but like the land-use planning systems it does not 
solve the issue of coping with problems at the land/water interface (Gubbay, 1990). 
The San Francisco Bay Conservation and Development Commission was one of the 
first regional planning organisations. It began as a local approach which developed 
into a much bigger regional approach and ultimately led to the California Coastal 
Conservation Act of 1972 (Boschken, 1978). Decisions involved local government, 
agencies and the public. In Greece, the development of regional coastal planning 
programmes, particularly in Crete and northern Greece, has helped co-operation 
between regional and national interests (Camhis & Coccossis, 1982). The Council of
I l l
Europe adopted a resolution in 1973 on the protection of coastal areas and since then 
EU policy and legislation concerning the coastal zone has developed but in a rather 
fragmented way. In 1987 the World Commission on Environment and Development 
highlighted the importance of including all zones in the management of the coast 
(Pullen, 1994). The concept of integrated CZM also featured in Agenda 21 of the 
United Nations Conference on Environment and Development where worldwide 
coastal states committed themselves to 'integrated management and sustainable 
development o f coastal areas and the marine environment under their national 
jurisdiction' (UN, 1992). More recently, the Organisation for Economic Co-operation 
and Development identified the need for national legislation for coastal conservation 
and preservation (Pullen, 1994).
Whichever approach to CZM is adopted legislation is important. At present, the 
contents and scope of existing EU legislation is considered by some to be too limited 
to achieve specific goals (Cardoso da Silva, 1996). It may therefore become necessary 
to introduce a tool that can be used as a framework for integrated coastal 
management.
I 5.3. Development of integrated CZM in the UK
In the UK integrated CZM has only been promoted and accepted since 1990 (King, 
1994). As recently as 1987 the contribution of District Councils to coastal 
management was investigated (Halliday, 1987). The study highlighted the lack of 
integration between authorities and concluded that in general local authorities were 
satisfied with the existing arrangements for management of the coast. Problems were 
solved at the local level, mainly in isolation. Few of the local authorities approached 
in Halliday's study acknowledged the option of contributing to the management of the 
coastal zone as opposed to the management of the coastal region in their jurisdiction 
(Halliday, 1987).
Gubbay (1990) identified the needs for a national policy for the use of the coastal 
zone and a planning regime for areas of the sea. Concerns over the number of
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government agencies involved in marine issues, conflicts of use of the coast and 
inshore waters and the lack of integration between agencies involved in planning and 
management of the land and sea were also identified.
The issue was addressed in 1992 by the HCEC who recognised that coastal protection, 
planning and management in the UK was unco-ordinated, that there were inadequacies 
in the relevant legislation and no central policy (HCEC, 1992). The report 
recommended that a more integrated approach be taken by the authorities involved 
and that existing legislation and planning systems be reviewed. It was also 
recommended that a national framework for the strategic planning and protection of 
the UK coast be developed (HCEC, 1992).
However, the Government response failed to opt for the holistic approach (DoE, 
1992) and 28 years after it was first recognised that the system of planning for the 
coast in the UK is unco-ordinated there remains a lack of national policy concerned 
with the use of the coastal zone in the UK. Decisions are therefore still taken at a 
local level. In relation to management, local decision-making may not always be 
appropriate. The needs of tourism often conflict with those of conservation and local, 
national and even international bodies must address this. The World Tourism 
Organisation recognises this and have identified seven priority areas for governments 
and the private sector to address this issue (Shackleford, 1996): (a) The development 
of policies that support sustainable tourism development - including voluntary 
programmes; (b) promote planning for sustainable tourism development; (c) measure 
progress in achieving sustainable tourism development through indicators; (d) train 
and educate people in sustainable development; (e) develop sustainable tourism 
products; (f) assist developing countries to adopt the concept of sustainable tourism; 
(g) provide for participation by all sectors of society (Shackleford, 1996). 
Nevertheless, it is important that regional and local CZM plans are prepared as well 
as a national plan. The HCEC report (HCEC, 1992) recommended that in the UK 
these be non-statutory but that the Government issue guidance on preparation.
The UK Government has proposed that local authorities should initiate, prepare and
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implement coastal management plans (DoE, 1992) but they are expected to work 
together on a voluntary basis to prepare development plans as set out in the Planning 
Policy Guidance note 20 (DoE and Welsh Office, 1992) rather than the preparation 
of a range of coastal management plans at national, regional and local levels as 
recommended by the HCEC (HCEC, 1992). This obviously requires a large degree 
of co-operation between authorities and whilst Gubbay (1990), and subsequently the 
Select Committee report (HCEC, 1992), recommended that local authority planning 
powers should be extended beyond low water mark, the Government discussion paper 
'Development Below Low Water Mark' rejected this (DoE, 1993). It is therefore 
difficult for local authorities to create an integrated system of planning. As a result, 
policies and plans do not cover both the sea and the land and are generally short-term.
It is apparent that within England and Wales a large number of local initiatives exist. 
Hampshire, Sefton and Northumberland were the first councils in the UK to publish 
a coastal strategy (Sefton Metropolitan Borough Council, 1989; Hampshire County 
Council, 1991; Northumberland County Council, 1991). A strategy also became 
available for the West Sussex coastline (West Sussex County Council, 1992). Regional 
(such as the London and South East Regional Planning Conference (SERPLAN) - 
coastal planning guidelines for the South East) and local projects for specific areas 
such as that for the Mersey Estuary have also been developed (see also Vincent, 
1994). To date, 14 National, Regional and County Strategies and Plans; 4 Shoreline 
Management Plans; 10 non-statutory Coastal Management Plans; 31 Estuary and 
Harbour Management Plans; 17 Heritage Coast and AONB Coast Management Plans 
and 14 Statutory Local Plans have been identified by the NCEAG (NCEAG, 1994). 
The approach to CZM in the UK is, at present, very much dominated by the 
preparation of coastal plans. It is apparent that great diversity exists with regard to the 
progress being made towards achieving coastal plans throughout the UK. Table I 20 
shows the variations in plans currently in place in two neighbouring regions - the 
South East of England, chosen as an example of 'best practice', and the East region 
of England, which currently has primarily shoreline management and catchment plans 
but no overall regional plan.
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Table I 20. Existing coastal plans in the South East and East regions of the UK._________
Type of coastal plan Region
South East East
Regional plan SERPLAN None
County plans Essex Coastal Strategy None
Kent Coastal Strategy
East Sussex Coastal Strategy
West Sussex Coastal Strategy
Hampshire Coastal Strategy
Local plans Swale Borough Council Holdemess District
Portsmouth City Great Grimsby
Gosport Borough Council East Lindsay
Shoreline management 
plans
South Foreland to Beachy Head shoreline 
strategy
Waveney District Council 
shoreline strategy
SCOPAC (Worthing to Weymouth)
Coastal management plans East Thames Corridor None
North Kent Marshes
Isle of Thanet
Arun District local coastal management 
plan
Solent Forum
South Wight CZM plan
New Forest coastal management plan
Estuary and harbour 
management plans
Blackwater Estuary Humber Estuary Standing 
Conference
Thames Estuary Humber Estuary Action Plan
Faversham Creekside Study Humberside Coast and Estuary 
Research project
Adur Valley Project The Wash Estuary Strategy for 
Sustainable Management
Arun Valley Countryside Management 
Strategy
Stour and Orwell Estuaries 
Management Plan
Pagham Harbour Study
Chichester Harbour
Langstone Harbour
Portsmouth Harbour
Heritage coast/AONB 
coast management plans
East Sussex Heritage Coast Norfolk Coast Project
Seven Sisters Country Park Suffolk Coasts and Heaths 
Draft Management Plan
Coastal Recreation Strategy for Sport
Snnrrfv fNC.RAfi. 1994V
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Whilst local initiatives are extremely encouraging and highlight the growing interest 
in CZM in the UK since 1990, a clear national policy is still required to provide the 
framework, support and integration required for management. There would be several 
advantages in having an overall framework for CZM. A proactive approach to 
protection of areas outside the areas currently under focus by local initiatives could 
be taken. At present a series of fragmented actions result because only local projects 
are in existence whereas more effective programmes can be developed from an overall 
framework in combination with local information. An overall approach is also 
essential to monitor the effectiveness of existing initiatives (Gubbay, 1994).
Many of the problems identified from having such a large number of organisations 
involved in coastal management could be solved by the establishment of a single 
organisation or government department responsible for coastal policies. The MCS and 
the WWF suggested three options for a CZM Unit: (a) a new agency; (b) a separate 
agency operating under the DoE or (c) a unit within the DoE (MCS 1991). The 
Government, however, at present sees no need for such a unit (DoE, 1992).
I 5.4. Public participation in coastal management
The involvement of the public in coastal management has also been recognised as 
being an essential part of a successful programme (Camhis & Coccossis, 1982; 
Gubbay, 1994; Waite, 1982). The establishment of marine forums - groups of 
individuals, environmental groups, representatives from industry and government, and 
academics which discuss ways of progressing in integrated management - are one way 
of promoting this and are becoming more common in the UK. The Cardigan Bay 
Forum was one of the first to be set up in the UK (HCEC, 1992).
A new national Coastal Forum for England was set up in December 1993 which 
brought together representatives from the public, private and voluntary sectors 
concerned with management of the coast. The Forum was set up to discuss the 
development of coastal management policy and provide a platform for discussion. 
However, the fact that the Forum only relates to England highlights the issue that
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coastal management is still fragmented and unco-ordinated.
Of importance to the issue of public participation is Agenda 21 (Pullen, 1994). This 
arose from the Earth Summit held in Rio de Janeiro, June 1992 and essentially 
provides a comprehensive blue-print for the necessary global action to achieve 
sustainable development. Agenda 21 requires countries and organisations to implement 
their own action programmes within the agreed framework (UN, 1992). Agenda 21 
identifies nine major groups whose involvement is critical if sustainable development 
is to be attained. One of the most important major groups are the local authorities. 
Agenda 21 devotes a chapter (no.28) to the role of local authorities' initiatives in 
support of Agenda 21. The first objective of the programme is that 'by 1996, most 
local authorities in each country should have undertaken a consultative process with 
their populations and achieved a consensus on 'a local Agenda 21 'for the community ' 
(UN, 1992). A survey conducted in 1996 showed that in the UK over 50% of local 
authorities are committed to some form of Local Agenda 21 (Harman et a l ,  1996).
The involvement of the public in environmental action is therefore given special 
emphasis. Many of the problems addressed by Agenda 21 are local and therefore the 
involvement of local authorities as the facilitating bodies for Local Agenda 21 
becomes obvious as they have a vital role in educating, mobilising and responding to 
the public to promote sustainable development. The strength of Local Agenda 21 is 
that it allows people involved in local action to realise they are part of a much wider 
effort which has a global impact. This in itself helps to motivate them to take their 
own responsibility in environmental improvement seriously (Harman et a l ,  1996). 
Coastal management is an area of environmental action in which the public can play 
an important part. In particular the public can be an essential part of beach litter 
management and control. It is an issue which requires specific management given its 
potential impacts on tourism (refer to section I 2.3.(c)).
Public involvement in beach litter management takes two forms: (a) direct action, such 
as beach clean-ups and (b) indirect action, such as education, award schemes and 
legislation. These issues have already been broadly discussed in sections I 2.2.2 b,
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I 2.3 and 1 4. The emphasis placed on each of these varies between counties/regions 
(for review of current practices in Scotland refer to Ash Consulting Group, 1994). 
The variation in length of coastline and number of identified amenity beaches in each 
region are also likely to influence the extent of cleaning programmes. Available 
resources also act as a constricting factor.
The legislation relevant to the marine environment in the UK is detailed in section I 
4. Part IV, Section 89 (1) of the Environmental Protection Act is central to beach 
litter management and requires local authorities to ’ensure that all land in their direct 
control which is open to the land and air and to which the public has access is kept 
clear o f litter and refuse, so fa r  as is practicable' (HMSO, 1990b). The standards of 
cleanliness to which these areas should be kept are identified under the Code of 
Practice Section 89(7). Under this section 'amenity' beaches must be 'generally clear 
o f all types o f litter and refuse between May and September inclusive' (HMSO, 
1990b). Obviously then, the number of beaches identified as amenity beaches in an 
authority's jurisdiction will have an influence on the extent of beach cleaning 
undertaken by each authority. In addition, it may be expected that the decision to 
enter beaches for an award, such as a Seaside Award (section I 2.3.2), will be likely 
to influence the cleaning programme. The introduction of additional award schemes 
may place further financial burdens on local authorities in terms of cleaning and the 
provision of facilities.
I 6. Plan of thesis
The introduction has provided a general backdrop to the issues covered by the 
questionnaire used to collect the data on which the study has been based. The 
remainder of the thesis will present and analyse that, and additional related, data and 
through it investigate coastal management issues in the UK. A critical analysis of the 
study design and materials used in the UK has been undertaken in Chapter H.
The results have been presented in four sections in Chapter m . A national overview 
identifies general trends for the UK as a whole. Three regions have then been selected
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for further investigation and comparison. The selections were made based on the 
coastal initiatives taken by those regions. Thus the South East of England, which 
currently has a total of thirty-two initiatives including a regional strategy (SERPLAN) 
providing coastal planning guidelines for the whole of the South East of England and 
five county strategies as well as many local statutory and non-statutory management 
plans, has been selected as an example of 'good practice'. The East region of 
England, currently with ten coastal initiatives, has also been selected as an example 
of a region with a series of shoreline management and catchment plans but with no 
overall regional plan. In addition, the North East coast of Scotland has also been 
selected for comparison. The data collected for this thesis has been used as a marker 
to assess the effectiveness of the measures in place to protect the coastal zone, in 
particular to deal with beach litter. Within the three regions described above one 
county in each region has been selected for further investigation and within each 
county two particular sites examined.
In addition, the data collected on medical and sanitary waste has been examined in 
collaboration with the WHO-EHPE-C. The data has been examined and the suitability 
of the items recorded as a reliable aesthetic health indicator which can be compared 
to the conventional bacteriological and chemical indicators of water quality assessed.
The data has been discussed with the aim of appraising the Coastwatch UK as a 
suitable diagnostic and monitoring tool for coastal management. Possible reasons for 
the variations in litter found throughout the country have been suggested and 
recommendations have been made to facilitate the improvement of beach quality.
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Chapter II
MATERIALS AND METHODS 
II I. Coastwatch Europe methods
The beach survey method using volunteers is undoubtedly the most appropriate 
method to achieve a large sample (refer to section 1 2.2.2 a) and was thus the method 
employed for the Coastwatch Europe study. To ensure compatibility between 
countries a standard questionnaire was used (Appendix I) and amended in each 
country to fulfil national aims. National co-ordinators met twice each year to refine 
the Coastwatch Europe questionnaire and to discuss national variations in the survey. 
The survey was carried out over a two-week period during the European fieldwork 
weeks between the end of September and the end of October in each country. 
Individual arrangements for recruitment and general organisation varied with each 
participant country (Dubsky, 1990; 1991; 1995) as detailed below.
The types of volunteers recruited reflected the national aims of each participating 
country. Table I I 1 shows the types of volunteers and the recruitment method adopted 
by countries participating in Coastwatch Europe. Education was an important aim in 
many of the countries participating and therefore in several countries, such as 
Denmark, Belgium, Iceland and Spain, over 80% of the groups involved were from 
schools. The use of school groups also has the added advantage of providing large 
groups of well organised surveyors thus ensuring that a large sample was achieved. 
In the UK around 50% of groups were from schools each year.
In each participating country questionnaires were completed on 0.5 Km units of a 5 
Km block of coastline allocated by the national co-ordinating office. Each block was 
identified using a combination of the European NUTs coding system (Eurostat), which 
identifies the country and county/region, and a map reference to further identify the 
block and then units within the block were numbered 1-10. Each unit therefore has 
a unique reference.
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Table I I 1. Recruitment and composition of volunteers used by the various countries 
participating in Coastwatch Europe. ________________________________ _______
Country Recruitm ent and type of volunteer
Belgium Through the Ministry of Education. Around 95 % of the surveyor 
groups are schools and 5% are scout groups.
Denmark Volunteers are recruited through the Forum for Environmental 
Education and through specialist magazines. Almost 100% of the 
survey groups are schools.
Germany Volunteers are made up, in roughly equal proportions, of schools, 
environmental groups, individuals and others mainly through the 
media - the Youth Hostel magazine, a Coastwatch magazine, 
environmental youth magazine and through a direct mailing of 
groups with a particular interest.
Greece Volunteers involved in previous surveys are recruited. All 
surveyor groups are students from the University or Technical 
College.
Iceland Through secondary and higher schools and teachers who make up 
almost the entire survey group.
Ireland Volunteers involved in previous surveys are contacted. New 
volunteers are contacted through resident groups, colleges and 
schools and local interest groups.
Netherlands Volunteers are recruited from existing volunteers, schools, via a 
list of members of environmental organisations.
Norway Through the formal schools system, by advertisements and by 
press releases. Around 350 schools are involved, around 10 
environmental groups, 10 individuals.
Poland Through co-operation with coastal schools who make up 75 % of 
the survey groups and through press and local radio stations. 
Environmental groups make up around 15 % of the volunteers and 
individuals another 15%.
Spain The main source is secondary school teachers (85%). The 
secondary source is ecological associations (10%). Individuals 
make up around 5% of the survey groups.
UK Volunteers are a combination of school/colleges (around 50% of 
total surveyor group), local interest and environmental groups and 
local families/friends.
Source: Coastwatch Europe national co-ordinators (pers. comm.)
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Once completed, questionnaires were returned to the national Coastwatch offices in 
each country for checking and analysis. Data was entered onto a computer program 
(using Dbase IV) developed by the International Office (Trinity College, Dublin) and 
a national report written by the national co-ordinator(s) (Dubsky, 1990; 1991; 1995). 
Data was then sent on disc or via computer network to the International office for 
further analysis and a report compiled by the international co-ordinator.
II 2. Coastwatch UK methods
II 2.1. Tuning of the survey
Volunteers were organised to complete the survey during the early part of the 
European fieldwork period - a two-week period from the last week of September until 
the end of the first weekend in October. This was chosen as the most suitable time in 
the UK since it encompassed the shoulder end of the formal bathing season (May 15th 
- September 30th) and coincided with the school and university terms which generally 
start at the beginning/mid September. The latter aspect allowed a large number of 
school groups to participate as part of their National Curriculum studies (HMSO, 
1989a,b). The timing also minimised the chances of bad weather conditions. 
Surveying any later in October would also reduce the daylight hours available to 
conduct the survey.
It is acknowledged that the survey could produce very different results if conducted 
at the height of the tourist season, or indeed at any other time of the year (refer to 
section II 7). However, it was considered that at the chosen timing it would produce 
a valuable marker of the condition of the coastline at the end of the tourist season and 
fulfils the aims of the project - to provide a snapshot survey, particularly if repeated 
at a consistent time.
II 2.2. Surveyor groups and recruitment
Within the UK a number of institutes of higher education such as Bournemouth
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University, Southampton Institute of Higher Education and University College, 
Scarborough participated in the project as part of an induction week for first year 
degree students. Schools, ranging from primary level (for example Rottingdean 
Church of England Primary School) to sixth form (such as Stoke on Trent Sixth Form 
College), either participated as an entire class as part of a biology/geography lesson 
(such as Bryngwyn School Biology Department, Llanelli, Dyfed and Swansea 
Colleges) or in some cases, such as The Collegiate School, Blackpool, as an extra 
curriculum environmental/science group. Increasingly, scout and guide groups (for 
example, First Hampstead Scouts, Kirk Michael Scouts), local environmental and 
interest groups, such as Wirral Deewatch Group, Balmedie Country Park, Friends of 
Reculver Country Park, Friends of Cardigan Bay and Cumbria Wildlife Trust, became 
involved. Several local authorities, such as Sefton Borough Council, South Wight 
Borough Council and Brighton Borough Council used the scheme as part of an 
educational programme. Coastal National Parks, for example the Lake District 
National Park, participated and used the results as part of their own monitoring 
process. National environmental groups such as Surfers Against Sewage and the 
British Trust for Nature Conservation also organised groups to participate. 
Involvement of such groups experienced in survey work ensured that volunteers were 
under strict supervision and were well organised (Plate II 1).
In the first two years of the project - 1989 and 1990 - volunteers were recruited 
exclusively through the media in the few weeks before the start of the survey. In 
subsequent years recruitment became less concentrated around the survey period and 
ran from April to August. A publicity leaflet was produced each year (Appendix 31) 
and mailed to groups who had participated in the project in previous years and in 
response to general enquiries. Leaflets were also distributed in ten major shopping 
centres around the UK from June until September. In addition, volunteers were 
recruited through articles in specialist magazines and newsletters (see for example 
Camping and Walking Magazine, September 5th 1991; Essex Countryside, September 
29th 1994), general interest magazines (see for example Womens Realm, September 
24th 1991), local newspapers (such as Fraseburgh Herald, August 12th 1994; Buchan 
Observer, August 23rd 1994), local radio and national television such as Country File
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Plate II 1. Volunteer groups.
Quantifying various forms of marine debris
Even pollution can be fun!
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and BBC Newsround.
II 2.3. Site selection
The main thrust of the Coastwatch UK project assessed the quantity and type of 
marine debris in discrete coastal units. In 1990 the UK survey focused on stretches 
of coastline used primarily for leisure pursuits, thus ensuring easy access. Five 
hundred blocks, each 5 Km long, were selected around the UK coastline using the 
Golden List of British Beaches which identifies areas most likely to be used for 
recreational purposes (Coastal Anti-Pollution League, 1960). The blocks were located 
by an OS map reference. In addition, some surveyor groups requested to examine 
particular areas of open coastline.
In 1991 the entire UK coastline was classified into 5 Km blocks using OS maps (scale 
1:50 000). Each block of coastline was identified by a six-figure map reference of 
the start and finish of the stretch, a county code and a block code. The name of the 
block described the starting point. In some cases, therefore, the block may have 
covered an area extending beyond the point the name suggested. It was therefore 
essential to identify the blocks with detailed map references which were recorded. 
This ensured identical blocks could be allocated to volunteers in future surveys and 
provided a reference to check the location of blocks before data entry. The sites are 
therefore unbiased in terms of proximity to potential litter sources, the effects of wind 
or current and allow a truly representative sample of UK coastline to be surveyed. 
Appendix HI gives details of sites surveyed since 1992.
II 2.4. Allocation of coastal blocks
Where possible, those sites targeted in the 1990 survey were re-allocated as a priority 
in subsequent surveys but the growth of the survey allowed the trend towards 
increased coverage of open coastline to be continued. Each volunteer group was 
allocated a 5 Km block of coastline in the location of their choice. Where possible the 
surveyors first choice of site was allocated. If this block had already been allocated
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the next block within close proximity to the preferred area was offered. On allocation 
the volunteers received written notification of the name of the block, a six-figure map 
reference of the start and finish of the block, the block code and the county code.
Volunteers were asked to confirm in writing before the end of August each year that 
they were able to carry out the survey of the allocated block. This ensured, as far as 
possible, that the volunteers were committed to carrying out the survey and allowed 
blocks to be re-allocated before the start of the fieldwork period if necessary. All 
details of the block together with the contact name, address and telephone number of 
the surveyor group were recorded on a database. During recruitment, volunteers were 
advised that the survey should be completed by a group rather than individuals. This 
was for obvious safety reasons and to ensure the full 5 Km block of coastline 
allocated was surveyed.
II 2.5. Guidance
The involvement of such a large number of volunteers to gather the data used in this 
study obviously precludes the option of personal training of each individual. Surveyors 
were therefore provided with as much guidance as possible to ensure that, as far as 
possible, the questionnaires were completed with the same degree of accuracy by each 
group.
All materials required to complete the survey were issued to volunteers at the end of 
August each year. This provided around three weeks for surveyors to study the 
questionnaires before undertaking the fieldwork. Telephone instructions or answers 
to queries were issued where appropriate. In addition, surveyors were issued with 
contact numbers of a regional co-ordinator for the survey period. These were 
available to answer any general queries regarding the local area. The regional co­
ordinators were recruited to assist during the survey period only. They acted on a 
voluntary basis and were all known to be familiar with the survey before being 
contacted and asked to take on this role (Appendix IV). All regional co-ordinators 
were provided with detailed instructions on how surveyors should complete the
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questionnaires, background information (such as the aims of the project and how the 
data analysis was carried out), a list of the surveyors in their regions and map 
references of the areas to be surveyed. The co-ordinators were either working for an 
educational establishment (Redcar Sixth Form College, Bournemouth University and 
Aberdeen University) or a local marine or environmental trust (Charmouth Heritage 
Coast Centre, Norfolk Friends of the Earth and Dyfed Wildlife Trust). They were all 
therefore experienced in dealing with survey work and communicating with the 
public. Many of the surveyors completed the survey in consecutive years and thus 
were familiar with the format of the survey and the site. The regional co-ordinators 
also acted as a local media contact during the survey weeks.
II 2.6. Completion of the survey
Surveyors were instructed to visit their allocated block of coastline on one day during 
the fieldwork period as close to low tide as possible. They were advised to obtain a 
map of the block and mark on the start and finish points. The block could then be 
divided into ten equal units each 0.5 Km in length. One Coastwatch Europe 
questionnaire and one National questionnaire (refer to sections II 3.2.1 and II 3.2.3 
and Appendix I) was provided for each unit and identified by sequential numbering. 
Surveyors were instructed to walk along the unit at the tide mark and then return via 
the splash zone and indicate a positive answer using a tick or give a numerical or 
written answer where appropriate. This method removes any assumptions made when 
using transects (refer to sections 1 2.2.1 a and b) and data can be accurately mapped 
for every 500 m surveyed. Completion of the questionnaires required a thorough 
examination of all sections of the coastline in terms of its physical characteristics, 
ecology, threats and pollution status.
II 2.7. Surveyor profile
In order to obtain details on the types of volunteers completing the survey and to gain 
further information on how they organised themselves to complete the survey, those 
groups returning the 1992 survey forms were contacted by post and asked to fill in
a simple questionnaire (Appendix V).
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II 3. Materials
II 3.1. Coastwatch Europe materials and support
All participating countries issued identical core questionnaires (as detailed in section 
II 3.2.1 and Appendix I) translated as necessary. Detailed instructions on how to 
complete the questionnaires were issued by each country to ensure consistency in the 
methodology.
In the UK a 'resource file' was produced and issued to each surveyor group. This 
took the form of an A4 folder containing all the materials required for completion of 
the survey and support materials. The instruction sheets were updated each year and 
volunteers received additional information in the form of fact sheets on marine issues 
and ideas for follow-up activities. The fact sheets were aimed at providing background 
information to the issues covered by the Coastwatch Europe questionnaire and to aid 
completion of the survey (Table II 2). The follow-up activities were aimed at 
encouraging surveyors to investigate the issues further and to continue their 
involvement in related activities throughout the year. The activities were designed to 
be adapted to suit various age ranges and, where appropriate, the materials were 
referenced to the National Curriculum (HMSO, 1989a,b) to aid school groups (Table 
n  3). Appendix VI provides examples of the materials produced.
II 3.2. Coastwatch Europe questionnaire
Each year the Coastwatch Europe questionnaire was reviewed by the national co­
ordinators and refined where necessary (Appendix I). Individual countries modified 
the questionnaire to achieve specific additional national aims. Description of the 
questionnaire below refers to the Coastwatch Europe questionnaire with the 
amendments made in the UK.
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Table II 2. Details of fact sheets provided in the UK resource file and relevance to 
the UK National Curriculum and Coastwatch Europe questionnaire.
Fact Sheet Specific subject 
requirements identified 
in the UK National 
Curriculum, if 
appropriate
Relevance to Coastwatch UK questionnaire
Marine 
pollution: 
What is it?
None Introduction to types of pollution affecting the marine 
environment.
Sewage
pollution
Science - 
Geography
Relevant to sections E3 - litter and pollution, section B2 - 
inflows and section D3 - algal blooms.
Provides details on the effects of sewage pollution on the 
marine environment including aesthetic, and health risks 
and eutrophication.
Detection of
sewage
pollution
None This has particular relevance for the volunteer groups 
participating in the microbiological component o f the 
Coastwatch UK survey and also section F4 - threats. 
Follows on from the fact sheet on sewage and introduces 
the official monitoring system for bathing waters.
Plastics None Relevant to section E3 - litter and pollution. Provides 
facts on the various types of plastics manufactured and 
highlights the dangers to marine life of packing straps and 
fishing gear.
Legal 
measures 
against 
dumping at 
sea
None Relevant to section E - litter and pollution and F4 - 
threats. Provides details of MARPOL V which is of 
particular relevance to the section on litter of the 
Coastwatch UK questionnaire. Aims to raise awareness of  
relevant legislation.
Oil pollution Science Relevant to section E3 - litter and pollution, B2 - inflows 
and F4 - threats. Provides information on the dangers of 
oil to wildlife and the physical properties of oil.
Specially
designated
areas
None Relevant to section A7 - designated areas. Provides 
background information on the major designations and 
relevant legislation.
Packaging and 
waste
Science - 
Geography
Relevant to section E - litter and pollution. Gives statistics 
on amounts of waste produced per year and ideas for 
waste reduction. Aims to encourage recycling.
CZM None Introduces the concept of integrated coastal zone 
management and highlights the importance of public 
participation through surveys such as Coastwatch UK
CORINE 
biotope project
None Relevant to section A7 - designated areas. Provides 
background information on the project and lists all 
identified coastal biotopes.
Marine issues 
update
None Provides current information on issues such as the 
proposed amendments to the Bathing Water directive, 
recent research into health risks associated with bathing 
and recent developments in CZM. Relevant to all sections 
of the questionnaire.
129
Table II 3. Follow-up activities provided in the UK resource file and links to the 
National Curriculum.
Activity Relevant subjects 
identified in the UK  
National Curriculum
Comments
Organising a 
beach clean­
up
Science
Maths
Geography
Technology
English
Collection of litter was not a component of the Coastwatch 
UK survey. Guidance notes on how to safely organise a 
beach clean-up was provided with a recording sheet.
Oil Pollution Science Two experiments were devised to investigate the effect of 
oil on water and the effect o f oil on birds feathers. The aim 
was to encourage surveyors to investigate the dangers to 
wildlife from oil spills. An introduction to the concept of 
food webs was also provided in this section and an 
investigation into how pollution incidents may affect these 
was provided.
Litter Science An experiment was devised to investigate the effect of 
environmental factors and pollutants on the break down of 
various types of materials which may be found along the 
coastline.
Plastics Maths
Science
Geography
Technology
Plastics were identified as the most prominent type of 
material found on the coastline during the Coastwatch UK 
surveys. A number of exercises were devised to investigate 
the origin of litter, the measures in place to reduce litter, 
the distribution of litter and the properties and threats to 
wildlife of plastics in particular.
Water
pollution
Science An experiment was devised to investigate the effects of 
various pollutants, such as detergents, acid, oil, on 
seawater. This aims to incorporate sources, implications 
and possible prevention of pollution and also introduces the 
concept of algal blooms.
Adoption
scheme
Science
Geography
The aim was to encourage groups of surveyors to regularly 
monitor an area of coastline and report their findings to the 
relevant local authority. Recording sheets were designed to 
provide an initial site description and for monitoring 
pollution, threats and improvements to the site.
Coastwatch 
Europe data
Maths
Geography
Data was provided from a number of successive surveys 
and exercises devised to compare results from different 
countries and to investigate national trends. The concept of 
transboundary pollution was introduced.
Habitats Science Experiments were devised to investigate the different 
environmental conditions and habitats encountered on the 
coastline and the ways animals have adapted to cope with 
these.
Keys Science A simple key was constructed to identify marine animals by 
external features.
Litter and 
pollution
Science The effects o f pollutants on species populations, in 
particular the effect of organic pollution.
Identification
guide
Science The major features of the animals and plants included in the 
Coastwatch UK questionnaire
II 3.2.1. Questionnaire description (Appendix I)
Section A  - Information on site/survey
Information for section A l of the questionnaire was provided for the surveyors. Each 
block was identified using a combination of three codes as described in section II 2.3. 
A separate questionnaire was completed on each 0.5 Km unit. The three codes 
together thus provided a reference for each 0.5 Km stretch of coastline surveyed. To 
confirm the starting point of the block, surveyors were asked to enter the Eastings and 
Northings co-ordinates in section A1.
Surveyors were given the name of the starting point of their block identified from an 
OS map and asked to enter their names and addresses so they could be contacted after 
the survey and to ensure that they received a copy of the final report.
Surveyors also recorded the date that the survey was carried out. Any questionnaires 
filled in outside the fieldwork period were not included in the main report but the data 
was used for local/regional information. All details of sections A1-A4 were checked 
once the questionnaires had been returned to ensure the blocks were identified by the 
correct codes before data entry.
Section A5 established the surveyors familiarity with the survey site. Three categories 
were provided: 'Well' - visited on a frequent basis; 'a little' - the surveyor had some 
knowledge of the site; 'here on first or second visit' - the surveyor had very little or 
no previous knowledge of the site. This section was used as a cross check with 
various sections (including E4 - frequency of sewage pollution incidents), where a 
level of familiarity was required to complete that particular section.
Section A6  examined the level of awareness of the surveyors to official designations 
relating to the coast. Surveyors were asked if they knew if the coastal unit was a 
specially designated area or not.
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Section A 7  required a more detailed knowledge of the status of the area. Six options 
were provided, as detailed below, covering the main range of designations applicable 
to coastal areas throughout Europe. The category 'national parks' was added to the 
questionnaire in 1991. The CORINE biotope category (CEC, 1985d) was added to 
this section in 1992. This is an EU designation and it was not a familiar term in the 
UK. Details of the designation of such sites was therefore provided in the 'resource 
file'.
EU bathing area
Bathing waters, defined as 'fresh or sea water in which bathing is explicitly 
authorised, or is not prohibited and is traditionally practised by a large number o f 
bathers', are identified through the EU bathing water Directive (CEC, 1976a; refer 
to section I 4.2.1 for a fuller discussion). There are currently 464 waters identified 
in the UK (EC, 1996) and which therefore require monitoring to comply with the 
standards set by the Directive.
EU bird Directive area/Ramsar site
Wetlands and their associated waterfowl are protected through the international 
Ramsar Convention (CEC, 1975b) and the establishment of SPA's through the EU 
Directive 79/409/EEC on the conservation of wild birds (CEC, 1979a). In the UK 
there are 104 SPA's and 88 Ramsar sites (DoE, 1996; 20 of which are coastal 
(Gubbay, 1993). The Ramsar convention only requires Parties to 'promote' 
conservation of the site but in the UK sites are only designated as such if they already 
have legislative protection (Gubbay, 1988). SPA's are concerned with the protection 
of migratory species and must comply with the EU birds Directive (79/409/EEC; 
CEC, 1979a). As such the habitats of 144 species listed in the Directive must be 
protected. In the UK SPA's are protected under the Wildlife and Countryside Act, 
1981. Forty-two coastal sites are designated SPA's in the UK (Gubbay, 1993).
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National park/ Nature reserve
In the UK NNRs have a scientific interest of national importance and are 
representative of the main ecological systems found in the UK (Countryside 
Commission, 1970). NNRs are set up under the National Parks and Access to 
Countryside Act, 1949 and the Science and Technology Act, 1965 in Great Britain 
and under the Nature Conservation and Amenity Lands (Northern Ireland) Order, 
1985 in Northern Ireland. Public access is generally maintained in NNRs although 
restrictions may apply seasonally. Three hundred and thirty-three NNRs exist in the 
UK (DoE, 1996), 76 are coastal (Gubbay, 1993). LNRs are set up in the UK by local 
authorities under the National Parks and Access to Countryside Act, 1949, primarily 
for the enjoyment of the public and as such are generally found with nature trails and 
interpretation centres but may also be of scientific importance. Four hundred and 
eighty-one LNRs exist in the UK (DoE, 1996) of which 41 are coastal (Gubbay, 
1988).
In this category areas designated as national parks were also included. In the UK there 
are five national parks which have at least part of their area at the coast (DoE, 1996). 
They are established on the basis of their scenic value and opportunity for open air 
recreation. Public access is restricted in a substantial part of the national parks since 
much of it is privately owned (Gubbay, 1988).
Area o f Scientific Importance
This designation is a non-standard site description which indicates areas which support 
high numbers of protected species or are important habitats. It may also include areas 
which are important for rare fossils (Dubsky, 1991). In the UK this category would 
include Sites of Special Scientific Interest.
Shellfish areas
These areas are designated under the EU Directive 79/923/EEC on the quality
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required for shellfish waters which aims to 'ensure a suitable environment fo r  shellfish 
growth' (CEC, 1979b). In England and Wales there are 74 known production areas 
(WHO, 1995).
CORINE biotopes
These are biotopes of major importance for nature conservation (Moss & Wyatt, 
1994). The identification of these areas by the EU in 1985 had no effect on UK 
practice but it was hoped by the EU that the Community could be classified on the 
basis of its environmental characteristics and therefore a database on the state of the 
environment could be compiled, possibly influencing policy in the future (CEC, 
1985d).
Other designations
In the UK this would include heritage coast areas - which currently cover 1,539 Km 
in England and Wales (DoE, 1996) - and may also include areas which are known to 
be designated for a particular recreational activity such as windsurfing/water skiing.
The protection afforded by the above designations varies with the specific aims of 
each type of designation and the amount of control there is by official bodies over the 
management of the area. Additionally, the public have a role to play not only through 
respect of legislation or guidelines existing to protect such sites but also sufficient 
publicity must be provided to inform visitors of designated areas. For example, 
identified bathing areas should be apparent to first-time visitors and the associated 
bathing water quality should be clearly displayed thus allowing the public to make an 
informed choice about where to bathe. All designations should be apparent to first­
time visitors to the coastal site. This section of the questionnaire therefore aims to 
investigate the level of knowledge that surveyors have concerning designations and 
also to act as an indicator of whether more information should be provided at such 
sites to make their designations more apparent and thus achieve their aims.
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To complete section A, surveyors were asked to provide information relating to the 
ease of access to their coastal unit. This may provide important information when 
assessing the extent of coastline within a local authority boundary which may be 
subject to intense visitor pressure due to its easy access. It also provides information 
on areas where there is no access, such as defence or industrial areas. When cross 
referenced with section A7 (status of the site) information may be obtained which 
could identify any protected areas in particular need of wardening due to their easy 
access or identified bathing areas where access could be improved.
Section B - Character o f the coastal zone
B i - In order to gain information on potential landward influences on the coastal zone, 
surveyors were asked to indicate, from 15 options, the type of land use in the area up 
to 500 m from the splash zone. The activities occurring in the immediate hinterland 
may have an important influence on the type of management required for the coastal 
zone, for example an area under pressure from industry requires a different 
management strategy to a tourist resort (see for example Northumberland County 
Council, 1991). Industrial areas may be visually unpleasant but careful landscape 
management could improve this. Pollution in the form of sewage, colliery waste, 
chemicals and tipping are particular problems in these areas and require long-term 
management (Northumberland County Council, 1991). Tourist areas may face intense 
litter problems and threats from recreational activities which may have to be addressed 
by zoning (Hampshire County Council, 1991; Pickering, 1996). Likewise, intense 
visitor pressure may threaten wildlife and natural habitats. Management is also 
required to control the development of recreational and leisure facilities in these areas. 
Car parking may be another particular problem in areas devoted to tourism or 
town/residential areas. Large numbers of cars may be considered an eyesore and car 
parks need to be carefully controlled to ensure that people only park in areas 
designated for this purpose (Northumberland County Council, 1991).
Dune areas require very specific management since they support a wide variety of 
species and act as a natural form of coast protection. Unmanaged visitor access to
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dune areas may result in substantial erosion problems since the natural pattern of 
erosion, recolonisation and rebuilding that dunes undergo may be disrupted 
(Northumberland County Council, 1991; Pickering 1996).
Areas devoted to military use are largely prohibited to public access and therefore this 
section can be used as a cross check with the section on ease of access (section A8). 
Land devoted to agriculture and intensive grazing face problems such as loss of 
species diversity and loss of landscape character. Agricultural run-off may also be a 
particular problem in these areas contributing to eutrophication (refer to section I 
2.1.3. c). In addition, the siting of agricultural buildings may be intrusive to the 
coastal landscape. Bog/marsh areas may provide particular habitats/feeding areas for 
sea birds and migratory wildfowl. These areas may face threats from development, 
recreation, pollution and reclamation (Northumberland County Council, 1991).
B2 - Inflows
Inflows into coastal units are a potential source of unregulated pollution. Surveyors 
were asked to characterise and examine all inflows into their unit (Plate II 2). The 
most obvious inflows such as pipes, rivers, streams, drains and seepage may carry 
any number of pollutants from food industry, heavy industry (such as power 
generators, chemicals) and light industry (such as product manufacturing, sewage and 
contaminated site drainage). These are all potentially hazardous to marine life and 
pose health risks to man. Sources of bacteria originating from drainage, streams and 
seepage may have a significant effect on coastal water quality (Wyer et a l ,  1994) 
There are a number of discharges, for example discharges from abandoned mines and 
highway drains, which are outside the consent powers of the Environment Agency 
(NRA, 1994) and these are of particular concern. Point source discharges - those 
which are discharged through an identified source such as a pipe, are generally 
monitored (in England and Wales by the Environment Agency, in Scotland by the 
Rivers Purification Board and in Northern Ireland by the DoE NI) and sewage effluent 
comprise the most common type of point source discharge (NRA, 1994). The UWWT 
Directive (CEC, 1991a) is particularly relevant to this section of the questionnaire and
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its implementation will require a revision of the discharge consents currently in place. 
Nutrients in estuaries and coastal waters are also addressed in the proposed General 
Quality Assessment schemes identified by the Environment Agency (NRA, 1996).
To assess the quality of all inflows surveyors were asked to record basic 
characteristics such as 'off smells', 'discolouration', 'dead fish', 'presence of oil', 
'petrol', 'dumped debris', 'sewage fungus' and 'scum/froth'. Whilst this provides 
only a basic assessment the presence of these factors would act as an indicator that 
the inflow was of poor quality and in need of management. For example, the presence 
of 'sewage fungus', indicates organic pollution. Sewage fungus is essentially a matrix 
of bacteria and fungi and other organisms such as protozoa and it may vary in colour 
from white, brown or pink. The presence of sewage fungus may cause deoxygenation 
of water and off-smells (NRA, 1996).
Foams may indicate the presence of surfactants originating from synthetic detergents 
which have been discharged into coastal waters and become disturbed by the water 
surface. Foam may be particularly evident close to an effluent pipe especially if the 
pipe is above the surface of the receiving water (Plate II 2). However, the natural 
breakdown of algal cells in coastal waters may also result in foams (NRA, 1996). 
Surface scum may also derive from algae, therefore the presence of foams and scums 
are not always an indication of pollution. Likewise, the presence of oil/petrol on the 
water may have resulted from industry, run-off or from natural processes such as the 
decomposition of some materials.
Water colour has been shown to be an important factor influencing the public 
perception of what is aesthetically acceptable. Discolouration is often taken by the
Plate II 2. Storm drain overflow and foam.
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public as an indicator of pollution (Dinius, 1981; Smith et al., 1995a). Discolouration 
alone may not, however, be an indication that the water is polluted since this may be 
as a result of flowing through mineralised rocks containing high iron concentrations 
resulting in reddish-brown deposits or in limestone areas calcium carbonate results in 
a green colour (NRA, 1996). The presence of blue-green algae in water will give a 
dark green colour to the water, a red colour may be given by certain other species of 
algae. Similarly, off-odours are often perceived to be an indication of pollution even 
though they may originate from a variety of sources such as biological processes of 
algae as well as chemical contamination (Zoetman & Piet, 1974).
The main problems and criticisms concerning the use of discolouration and odour as 
indicators of pollution are that they are both difficult to measure objectively. Water 
depth and ambient light, as well as other factors such as algae, influence colour 
intensity (Smith et a l ,  1995a) and the present survey did not consider intensity of 
either categories. However, both are mentioned in the EU bathing water Directive 
which specifies that 'there should be no abnormal change in colour and no odour' 
(CEC, 1976a). Clearly, inflows discharging into identified bathing waters should also 
be of acceptable quality. The difficulty is defining what is acceptable.
Question B2 concerning inflows was refined in 1991 since difficulties were 
encountered by surveyors inmost countries in distinguishing between storm drains and 
open drains. These were combined into the same category in subsequent surveys. The 
category 'coastal lagoon' was added in 1992 to accommodate such inflows more 
commonly found in Mediterranean countries (E. Peres Mora, pers. comm).
As an indication of the quality of inflows over a longer time period, those surveyors 
who knew their survey unit 'well' were asked in the 1991, 1992 and 1993 surveys if 
any streams or rivers entering the coastal unit had carried live fish during the year. 
This was again used as a cross check with question A5. Results were discarded if 
surveyors did not know the unit 'well'. Although only a guide to the quality of 
inflows, this question may have a secondary role of encouraging surveyors to 
regularly monitor such inflows and report any incidence of pollution to the relevant
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authorities.
Nutrient estimation
It is generally considered that nitrogen is the limiting factor in coastal waters and 
phosphorous in inland waters (HCEC, 1990). Given the international concern with 
regard to the problems of eutrophication experienced in the North Sea and 
Mediterranean (refer to section I 2.1.3.(c) and Boalch, 1987; Lancelot et a l ,  1987; 
HCEC, 1990; Pearce, 1995a), each year surveyors were provided with the materials 
necessary to assess the nitrate concentration of water flowing in inflows. Detailed 
instructions were provided on how to conduct the test (see below). Surveyors were 
asked to enter a numerical value on the questionnaire depending on the change in 
colour of the nitrate test strip.
As a quality assurance measure, surveyors were required to indicate if the inflow was 
carrying water at the time of survey or not. If the inflow did not carry water but a 
result was entered for nitrate concentration it was assumed in these cases that the 
nitrate test had been conducted improperly and the result was discarded. To further 
improve accuracy, the questionnaire was refined in 1992 to ask surveyors to enter a 
positive answer 'yes' or 'no' depending on whether they had carried out a nitrate test 
or not on each inflow. Nitrate results were only considered if 'yes' had been entered. 
If the column was left blank it was assumed that the inflow had not been tested for 
nitrate.
Method
In the UK volunteer groups were provided with ten nitrate test strips (BDH Merck 
Ltd, Poole, Dorset, UK) to test for possible nutrient enrichment deriving from active, 
or water-carrying, inflows into coastal units. The nitrate-sensitive pad was dipped into 
the mid part of the active inflow for one second, the excess liquid shaken off and any 
colour allowed to develop on the nitrate pad for up to one minute. The sensitive pad 
was compared against a colour chart and a value in ppm of nitrate obtained (Plate II
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Plate II 3. Investigation into inflows into the coastal units
Volunteers assessing the quality of inflows into the coastal unit
Colour chart and test strips used to estimate nitrate levels
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3). Where surveyors had more than ten inflows in their coastal block they were asked 
to concentrate on the major inflows such as large pipes or rivers/streams entering the 
coastal unit.
A number of tests were carried out before dispatching the test strips to ensure they 
were reliable. As the nitrate determinations were known to be heat sensitive, a sample 
which had arrived by post and had therefore been exposed to variable temperatures, 
was tested by the Irish Department of the Marine (Dubsky, 1991). They were found 
to be reliable providing they were used within a few minutes of opening the protective 
cover and that the instructions were followed carefully (Dubsky, 1991).
The nitrate determinations were also tested in the laboratory at Famborough College 
of Technology to ensure reliability before using for the survey. A standard solution 
of 1000 ppm nitrate was made from potassium nitrate (1.5 g previously dried at 105°C 
for 24 h as recommended by the manufacturers; HMSO, 1981) dissolved in 1 litre 
distilled water. A range of dilutions were made giving final concentrations of 10, 50, 
100, 250 and 500 ppm nitrate per litre. A random selection of five nitrate test strips 
was tested against each concentration and the resulting colour after one minute 
immersion in the solution was found to be comparable with the colour chart provided 
to the surveyors.
To test reliability of estimation of nitrate concentration the Irish Department of the 
Marine Research Laboratory issued school groups and regional co-ordinators 
participating in the partner organisation, Coastwatch Ireland, with water samples and 
samples containing known concentrations of nitrate (Dubsky, 1990). Volunteers were 
asked to measure the concentrations of nitrate using the Coastwatch Europe test strips. 
As the concentration of nitrate exceeded 10 ppm surveyors were less confident about 
recording the result. Thus, in solutions with a nitrate concentration of 250 ppm, a 
10% error was recorded. If participants were given a second solution to compare the 
result with the accuracy increased (Dubsky, 1990). Thus the crude field test was 
validated under both laboratory and field conditions.
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Section C - Physical characteristics of the splash zone
An estimate of the width of the splash zone and an indication of the dominant 
coverage of this area was required in this section. Five options were given: 
'saltmarsh', 'reedbed', 'other vegetation’, 'sand' and 'building/construction/rock'. 
This has particular value on a local scale to assess the scale of erosion over several 
years or as an indication of the change in land use, both of which would require a 
change in management. It has also an educational value in determining total area 
surveyed (HMSO, 1989a).
Section D  - Physical characteristics o f the intertidal area
A similar estimation to that of section C was obtained for the intertidal area. The 
options provided for coverage were: 'solid rock', 'boulders', 'gravel', 'sand', 
'silt/mud', 'other'. Many surveyors expressed an uncertainty about distinguishing 
between the splash zone and intertidal area prior to undertaking the survey. The 
section therefore had a strong educational value. To assist in interpretation, the 
questionnaire provided a graphical description of the various zones and their relation 
to high and low tide marks (Appendix I).
Section D2 and D3 - Vegetation
In order to gain an overview of the vegetation dominating the coastal units, surveyors 
were asked to record the presence of Spartina grass, Eel grass, brown/red seaweed 
and green algae patches growing in the unit. In the UK, and most of Northern 
Europe, Spartina grass {Spartina anglica) is the most common invading species and 
now dominates large areas of intertidal flats (Thompson, 1990). Eel grass {Zostera 
marina) is the most common marine flowering seagrass in coastal shallow waters of 
the northern hemisphere (Jacobs, 1984). Spartina causes siltation and reduces the 
feeding area for birds and thus needs to be carefully controlled. Identification of those 
areas where such invading species are dominant may allow them to be controlled and 
thus prevent a change in character of the coastal area.
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The presence of green or brown algae in extensive amounts indicates a possible 
increase in nutrients (such as sewage) possibly resulting in eutrophication (Boalch, 
1987). Due to the timing of the survey an underestimate of such incidence is likely 
to be provided but still produced a useful indication of areas susceptible to such 
problems particularly when used in conjunction with the estimation of nitrate 
concentration of inflows in section B2.
The presence of algal blooms (HCEC, 1990; Samayda, 1990) reported by surveyors 
who knew their unit 'well' (question D4) can be correlated with the usage of the land 
adjacent to the unit as well as to the presence of inflows showing high nitrate levels. 
This is important to investigate the susceptibility of different areas to the threat of 
algal blooms.
D4 - Fauna
Identification of the fauna on the coastline primarily provided educational benefits. 
The National Curriculum specifies identification of common animals and plants on the 
basis of their external appearance and encourages investigation into the adaptation of 
animals to various habitats and conditions (HMSO, 1989b). To assist with 
identification a guide was prepared and issued with the 'resource file' showing 
characteristics of some of the commonly found but less easily identified marine 
animals such as the various species of barnacles and crustaceans. A guide was also 
prepared on how to construct a scientific key to classify animals and plants (examples 
are provided in Appendix VI). This is also a requirement of the Science Curriculum 
(attainment target 2; HMSO, 1989b). Quantified data of the numbers of live/dead 
seals and dolphins and numbers of oiled birds was required in this section. Recordings 
of what were considered to be abnormal or excessive numbers of dead seals/dolphins 
or oiled birds were verified by telephone with the surveyor before data entry.
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Sections E1-E3 - Litter and pollution
As discussed in detail in section 1 2, marine litter is a worldwide problem. The large 
quantities of debris present on the coastline raises a number of concerns: risks to 
marine wildlife, potential human health hazards and threats to the economy of coastal 
communities as a result of extensive litter in potential tourist areas (refer to section 
I 2.1). In riverine environments it has been shown that the amount of litter present is 
used by the general public as an indicator of water quality (Dinius, 1981). Public 
perception thus becomes an important issue particularly when pollution is visible. This 
has been investigated in association with rivers in some detail (see for instance David, 
1971: Williams, 1986; House, 1995) and is currently being addressed by the 
Environment Agency in both rivers and coastal environments (NRA, 1996).
Continual monitoring of the types and quantities of debris found along the coastline 
is essential in the process of reducing such litter and in assessing the effectiveness of 
current legislative procedures (Paris & Hart, 1995). The idea of establishing local 
monitoring and evaluation programmes using volunteers has been supported by North 
Norfolk District Council (D. Robinson, pers. comm.). New Forest District Council 
(M. Cash, pers. comm.) and Grampian District Council (B. Miller, pers. comm.). 
Classifying the debris into categories can help to identify the origin of the litter and 
thus may aid in reducing or preventing the problem at source (Paris & Hart, 1995). 
This section of the questionnaire provided both an overall impression of the state of 
littering along the coastline in all zones and a detailed assessment of the type and 
quantity of litter items. The questions were refined to achieve the aims of this 
research to include counts of a number of litter items to maximise the quantitative data 
obtainable.
Section E l - A  general assessment of the litter cover of the units was made. Three 
categories were constructed to describe the general state of littering in each unit: 
'Gross' - defined as more or less continuous, impossible to avoid when walking on 
the shore; 'moderate' - noticeable litter; 'slight or none' - no litter observed or less 
than ten items. Surveyors were asked to indicate which of these best described (a) the
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splash zone and (b) the tide mark by giving the approximate percentage area of the 
splash zone and tide mark falling into each litter category. The whole area of the unit 
was therefore taken into account. For example, if 50% of the unit was subject to 
'gross' pollution and 25% subject to 'moderate' litter, then the remaining 25% would 
have 'slight or no' litter. Where surveyors returned the response incomplete, any area 
that was not accounted for was made up with 'slight or no litter' during data entry. 
This question is, to some extent, subject to surveyors impressions of the area. The 
main problems identified with this type of assessment are that litter size may influence 
surveyors perceptions and the distribution of litter may make it difficult to estimate 
the cover. However, the public's perception of the cleanliness of an area is as 
important or could be more important than what 'experts' or those in authority 
consider to be a clean beach when tourism depends on it. This has been demonstrated 
in respect of the public's perception of water quality - Ditton & Goodale (1973) and 
Smith et a l  (1995a), for example, noted that users of recreational waters were more 
deterred by physical parameters such as odours and colour than potential health risks 
such as bacteria.
Section E2 - More specific data concerning the extent of littering along the coastline 
was provided by sections E2 and E3. Marine litter was categorised into 'major items 
of litter' and 'general items of litter'. Surveyors were asked to indicate the presence 
of any of five specific categories of major items - such as household refuse in bags, 
large metal objects or household furnishings, and any of fifteen general items - 
including plastics, medical waste, sewage-related debris and cans. Plastic debris has 
been recorded as the main material littering coasts in both the UK and abroad 
(Gilligan et a l , 1992) (refer to section 12.1 fora fuller discussion of the implications 
of plastics as a pollutant of the coastal environment). Plastics thus constitute five of 
the general litter categories in the Coastwatch UK survey - plastic fishing gear, 
packing straps and can holders, plastic bottles and 'other' plastics. In 1991, the 
category ’dumped crops' was added to the major items. Dumped crops are commonly 
found along the coastline of the Mediterranean (E. Peres Mora, pers. comm.) but are 
not common in the UK and the category received very few returns. Tyres, a more 
common litter item in the UK, was included as a separate category in 1992.
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Other surveys such as 'Beachwatch' (refer to section I 2.2.2. b) require surveyors to 
specifically identify each item of litter (Moreton, 1994). The categories used in the 
Coastwatch UK surveys were considered sufficiently detailed enough to include most 
items likely to be encountered on the coast and fulfils the purpose of the survey to 
provide an overall indication of the types of problems and threats to the coast. It was 
considered that more detailed categories would not be appropriate to the aims of the 
survey. However, one or two categories considered to have particular implications 
either to public health, in particular sanitary and medical waste (Philipp, 1993; Rees 
& Pond, 1995) were itemised in more detail using a separate report form (Appendix
I).
Country o f origin o f litter items
Surveyors were asked to indicate the country of origin of litter items if obvious from 
the manufacturers markings or the language on the items. This provided a crude 
estimate of the proportion of litter originating off-shore as opposed to land-based and 
an indication of where the litter has come from. This has particular implications when 
targeting the sources of litter and may indicate that there is a requirement for more 
port reception facilities or alternatively for more litter bins along the coast. Equally, 
it may provide an indication of where awareness campaigns should be targeted - for 
example at ship and boat owners or at beach users.
Quantity o f litter items
For the purposes of this research in 1991 the UK questionnaire was amended to gather 
more quantitative data by asking surveyors to make counts of key litter items - plastic 
can holders, containers of potentially hazardous materials, medical waste, cans and 
plastic bottles. Quantitative data provides a better assessment of the scale of litter 
present and allows a more meaningful comparison between years and regions. Other 
litter surveys have assessed the quantity of litter using weight (see for example Dixon 
& Dixon, 1981; McGilvray, 1993; Moreton, 1994). Counts were considered to be 
preferable in the present study as it requires no additional equipment to measure, is
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more objective and avoids any of the potential hazards of picking up litter. The 
methods of gathering quantitative data were reviewed recently by the Environment 
Agency who also favoured counts as opposed to weight to develop General Quality 
Assessment Schemes for rivers and coastal areas (NRA, 1996).
In years subsequent to 1991 the Coastwatch UK questionnaire continued to gather 
quantitative data on various general litter items - in 1992 sanitary materials and paper 
drinks containers were added to this section, and in 1993 the category 'plastic packing 
straps and can holders' was divided to make counts of both items. Glass was also 
added as a discrete category. In the 1993 survey volunteers were also provided with 
an additional report form to itemise medical waste found. This was repeated in the 
1994 survey, and in addition surveyors were asked to itemise sanitary waste (see 
Appendix I) for the first time. For the purposes of this study sanitary waste included 
condoms, panty liners, sanitary towels, sanitary towel backings and nappies.
The primary objective of including itemized litter counts was to allow a comparison 
between local authority areas. A comparison of litter density before and after the 
introduction of specific management operations or between local authorities with 
different policies, may provide a broad indication of the effectiveness of those 
policies. In addition, litter counts can be considered as measures of aesthetic, and in 
some cases biological, quality (Philipp, 1992).
Medical and sanitary waste
In 1992 a programme of collaborative research was established with the WHO-EHPE- 
C, Department of Epidemiology and Public Health Medicine, University of Bristol. 
This programme aimed to find health indicators alternative to the conventional 
microbiological indicators to help assess the aesthetic quality of recreational bathing 
water and bathing beach quality. The WHO-EHPE-C had begun this research in 1990 
following recommendations by the WHO that such standards and indicators should be 
developed for the aesthetic quality of bathing water and bathing beaches (WHO, 1977; 
WHO, 1990). Once identified, these indicators could be compared with conventional
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bacteriological and chemical indicators of water quality and the predicted likelihood 
of illness amongst water users identified. If reliable, they could be used as measures 
of health protection. Visible litter has already been associated with gastrointestinal 
illness after bathing in sea water (University of Surrey, 1987). The development of 
such indicators has become associated with well-being, ill-health, environmental 
values, environmental quality objectives, and economic factors (Philipp, 1992).
The method used in the current research was found by the WHO-EHPE-C to be the 
only comprehensive and systematic approach to data collection of litter on bathing 
beaches in the UK (R. Philipp, pers. comm.). The questionnaire was modified to 
incorporate counts of medical waste items and in 1993 to further improve the quality 
of the data collected an additional report form was included for details of items of 
medical waste (Appendix I). This was again modified in the 1994 survey to itemise 
sanitary waste (Appendix I). In the autumn of 1995 this particular component of the 
survey was repeated in the UK and organised concurrently in Spain and Denmark.
Section E4 - Surveyors who knew their coastal unit 'well' were asked to give an 
estimate of the frequency of sewage pollution incidents in the unit. Whilst this can 
only give a subjective indication of the extent of sewage incidents, the question gives 
background information on the condition of the unit outside the survey period. It also 
serves as a cross-check with question A5 (surveyors familiarity with the site), since 
surveyors were required to have a level of familiarity with the unit before they 
completed the question. If question E4 was answered by a surveyor who had 
previously indicated they did not know the unit 'well', the response was eliminated.
Section F  - General observations
FI Weather conditions
Weather, in particular wind patterns, are known to affect the distribution of litter 
(Swanson & Zimmer, 1990; Valle-Levinson & Swanson, 1991; Corbin & Singh, 
1993). Surveyors were asked to indicate whether the appearance of the coastal unit
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had been changed by recent weather conditions. This may provide some explanations 
for regional variations in litter counts observed.
F2 Beach cleaning
Local authorities generally have a programme of cleaning of identified beaches during 
the tourist season - the Environmental Protection Act, 1990 imposes a legal 
requirement on local authorities to keep beaches free of litter (HMSO, 1990b; section 
14.1.1). In addition, many local groups and volunteers clean sections of the coastline 
on a regular basis (M. Cash, D. Robinson and B. Miller, pers. comm.', refer to 
section 1 5.4). Surveyors were asked to indicate if they knew whether the coastal unit 
had been cleaned within the week before they undertook the survey. This information 
can be used to both contribute to an explanation for the quantity of litter found and 
to assess the effectiveness of any cleaning programme. It may also serve as an 
indicator to local authorities that a particular area may require a cleaning programme.
F3 and F4 Perceived threats
In 1990 and 1991 surveyors were asked whether they knew of, or saw, any serious 
threat to the block or unit. Those who answered 'yes' were then asked to choose from 
a series of twelve options relating to the type of threat they considered affected the 
area. The question thus provides an indication of surveyors perceptions of threats. The 
perception of the public to the cleanliness and safety of a site has important 
implications for tourism (Paris & Hart, 1995) and such issues are included in the 
criteria of the European Blue Flag Awards (FEEE, 1993; refer to section I 2.3.1). 
However, it is recognised that surveyors may be influenced by recent incidents or 
events, for example 'one-off incidents such as the Braer oil spill received a large 
amount of press coverage (see for instance The Guardian, January 6th 1993 a,b) and 
this may have influenced people's perceptions regarding threats from oil. In 1992 the 
question was modified to encourage surveyors to record changes that would have a 
positive effect on the coastal unit as well as those having negative effects.
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F5 Follow-up
This section assessed the number of surveyors interested in carrying out follow-up 
work. This was included not only to estimate the percentage of volunteers willing to 
carry out additional work but also to establish the type of follow-up work that could 
be encouraged. Such information may be of use to local authorities who could enlist 
the help of local groups to carry out management work and may be especially 
important where local authorities have financial constraints. Although very little 
literature exists concerning costs incurred to carry out regular beach cleaning 
operations it is known that this runs into millions of pounds each year. For example, 
Kent County Council estimate they spend £ 5 - 6  million each year on coastal litter 
management (Gilbert, 1996). This includes direct costs such as litter collection, 
awareness campaigns, routine surveying, and indirect costs such as loss of tourism 
revenue as a result of poor public image, damage to habitats and other economic 
impacts. Estimates from other local authorities of expenditure concerning litter 
collection vary from £17,000 per year (S. Williamson, pers. comm.) at Moray District 
Council to £35,000 at New Forest District Council annually (M. Cash, pers. comm.) 
and £50,000 per year at Suffolk District Council (Gilbert, 1996) and North Norfolk 
District Council (D. Robinson, pers. comm.). Woodspring District Council, Avon 
estimate annual costs twice this amount (Gilbert, 1996).
Other management procedures such as monitoring or site protection could be 
undertaken by volunteers under instruction. At present voluntary groups are involved 
in CZM on an essentially ad hoc basis (Edwards, 1993). Identification of groups and 
individuals with enthusiasm and expertise could be used to improve CZM. This was 
further addressed in the present study in the National questionnaire introduced in 1993 
where surveyors were asked to note any known local groups involved in coastal 
management projects in the unit (refer to section II 3.2.3).
Quality categories
Coastwatch Europe devised its own quality categories based on the presence or
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absence of pollution or litter markers. Three categories were established - 'excellent', 
'moderate' and 'polluted'. These were not based on any other existing quality 
categories devised by other organisations, such as those used by the Readers Digest 
Good Beach Guide which consists of five quality grades based on the percentage pass 
rate of the official standards used to assess water quality (MCS, 1995) or the criteria 
used to award European Blue Flags (FEEE, 1993; Table I 9) or Seaside Awards 
(TBG, 1994) (refer to Tables I 10 and I 11). The criteria used in the present study 
were devised entirely on the data collected in the survey and did not take into account 
water quality.
For a unit to be classed as 'excellent' quality, it had to be virtually free from all 
pollution markers. If an inflow was present, then it had to be free from off-smells, 
dead fish, dumped debris, sewage fungus, oil and when tested for nitrate no positive 
result was acceptable. Units classified as 'excellent' were to have no algal patches, 
mats or accumulations. They had to be free from algal blooms, major and general 
litter items.
Units classified as 'moderate' in quality had some litter present but no household 
refuse, oil/petrol or potentially hazardous containers. Inflows in the units were 
required to be free from off-smells, discolouration, sewage fungus, dumped debris and 
oil and had no positive nitrate results. There should be no reports of algal blooms or 
sewage pollution incidents in these units. Any units containing more pollution markers 
than those listed above were considered 'polluted'. Thus, these units may have major 
items of debris including household refuse and/or general litter/pollution including oil 
or petrol and/or potentially hazardous containers. Any inflows in units considered 
'polluted' were recorded with 'off-smells', 'discolouration', 'sewage fungus', 'dumped 
debris' and/or oil, and active inflows would have been recorded with nitrate levels in 
excess of 10 ppm. The units may also have been recorded with algal blooms and 
'occasional', 'frequent' or 'usual' sewage pollution incidents.
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II 3.2.2. Water quality determinations
The main thrust of the Coastwatch UK survey was concerned with visible signs of 
pollution along the coast. A full assessment of the quality of a coastal site would take 
into account the quality of the water at that site. The aim of the Coastwatch UK 
survey is to allow large numbers of volunteers to become involved in coastal issues 
and to gather extensive amounts of data with the minimum specialist knowledge and 
equipment. It was therefore not considered appropriate to include a microbiological 
assessment of the water at every site as part of the routine Coastwatch UK survey but 
to include such tests in a small sample of the sites. A representative microbiological 
assessment would require the provision of expensive equipment, detailed training for 
each surveyor and a requirement to monitor the water consistently. Strict quality 
control procedures need to be incorporated into such tests to ensure consistency (refer 
to section I 4.2.1 (a-d)). Microbiological test kits were all prepared at Famborough 
College of Technology and therefore the quality of the culture media was known to 
be the same. However, the sampling was conducted by a variety of people with 
differing experience and samples analysed in different laboratories. It was thus not 
possible to control variation in storage or transport times of the samples, both of 
which can affect the microbial content of the sample. This component of the 
Coastwatch UK survey was therefore limited and primarily of educational value. The 
results of the microbiological tests were not intended to dispute or be publically 
compared with any of the formal monitoring programmes such as those undertaken 
by the Environment Agency.
Microbiological kits were issued to approximately fifty groups each year. In most 
cases these were college or university groups with access to microbiological 
laboratory facilities and a co-ordinator with experience of microbiological techniques. 
The existence of appropriate handling facilities was verified before the kits were 
issued. The kits were designed to identify the main bacterial index organisms of 
sewage: E. coli, total coliforms and faecal streptococci (for a fuller description of the 
concept of sewage index organisms refer to section I 3.2). A variety of different 
methods and media were trialed each year (Table II 4).
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Aliquots (10 ml) of the appropriate media for identification of coliforms, faecal 
coliforms (E. coli) and faecal streptococci were dispensed into bottles and issued to 
surveyor groups, together with a number of other materials required to conduct the 
tests (Tables II 5 and 6). Surveyors were also asked to supply certain items 
themselves such as incubators and UV detectors (Table II 5). Tables II 5 and 6 
provides details of materials, suppliers and culture media. All materials provided 
other than the media were purchased from BDH Merck Ltd (Poole, Dorset, UK). 
Full instructions were enclosed with the test kits plus a report form for recording 
results (Appendix VII).
II 3.2.2. (a) Details of media
Various culture media were supplied for identification of coliform bacteria and faecal 
streptococci as detailed below. Media was prepared in the laboratory at Famborough 
College of Technology according to manufacturers specifications (refer to The Oxoid 
Manual, 1990). Full details are given in Table II 6.
Kanamycin Aesculin Azide broth and kanamycin sulphate selective supplement
KAA broth is a highly selective medium for Group D streptococci (refer to section 
I 3.2). It was designed for bacteriological monitoring of foods (Mossel et a l ,  1976). 
The medium contains sodium azide as a general gram positive inhibitor. The addition 
of the supplement kanamycin sulphate inhibits the growth of bacteria other than Group 
D streptococci. When using the membrane filtration method (section II 3.2.2.b) the 
presence of presumptive aesculin-hydrolysing streptococci is indicated by black zones 
(approximately 1 cm diameter) around white or grey colonies following incubation 
(Table II 7). When using this medium with the MPN method (section II 3.2.2.; 
Appendix VII) a positive result is indicated by a change in the colour, from dark 
brown to black, of the medium. The toxicity of sodium azide is a major drawback in 
the widespread application of this technique.
153
MacConkey broth
MacConkey broth is a recognised medium used for the isolation of coliform bacteria 
including E. coli. It is recommended by the PHLS (PHLS Subcommittee, 1953), the 
WHO (WHO, 1963) and by the Department of Health (Report, 1983). The main 
advantage with using MacConkey broth is that there is a low proportion of false 
positive reactions (PHLS Subcommittee, 1953) and most strains of E. coli produce 
a reaction (colonies appear red) within 24 hours of inoculation. A disadvantage is its 
relatively low selectivity.
Tryptone water
Tryptone water is a liquid substrate used to measure the production of indole and is 
therefore a confirmatory test. Organisms such as E. coli break down the amino acid 
tryptophan, found in high levels in tryptone water. The production of a red/pink 
colour on the addition of Kovacs reagent indicates the production of indole (Farmer 
et a l ,  1985). E. coli is the only organism in water to produce indole at 44°C. 
Therefore growth after incubation for 24 hours at this temperature will confirm the 
presence of E. coli.
Slantez and Bartley medium
This medium is recommended by the Department of Health (Report, 1983) for the 
enumeration of Lancefield Group D streptococci (section I 3.2) in water supplies. 
When it is incubated at 35°C (to 'resuscitate' the organisms) followed by further 
incubation at 44 - 45°C maroon/red colonies indicate presumptive Group D 
streptococci (Slantez & Bartley, 1957). It has been shown that incubation at the higher 
temperature reduces the number of false positives but the lower temperature is 
required to recover some organisms due to environmental stress (Report, 1983).
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Table II 4. Microbiological test kits - media and analytical methods by year.
Year Organisms tested 
for
Media Analytical method
1990 Faecal streptococci KAA broth MPN
1991 Coliforms 
E. coli
Faecal streptococci
MacConkey broth plus MUG 
KAA broth
MPN
1992 Coliforms 
E. coli
Faecal streptococci
MacConkey broth plus MUG 
Tryptone water plus MUG
KAA broth
MPN
1993 Coliforms 
E. coli
Faecal streptococci
MLS
BUG
MacConkey's broth & MUG 
Slantez and Bartley broth
Membrane Filtration
1994 Coliforms 
E. coli
Faecal streptococci
MUG 
KAA broth
Membrane Filtration
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Table II 5. Microbiological test kit materials (excluding culture media) by year.
Year Materials supplied to surveyors Materials required by surveyors
1990 10 x 30 ml bottles containing KAA broth 
Sample bottle
Marker pens 
Incubator at 37°C
Adequate container to transport samples 
to laboratory
Adequate disposal facilities for discarded 
culture bottles
1991 27 x 30 ml bottles containing
MacConkey broth plus MUG
27 x 30 ml bottles containing KAA broth
1 dilution tube
3 x sample bottles
3 x 1 ml pipette
1 x 10 ml pipette
Marker pens
Adequate container to transport samples 
to laboratory 
Incubator at 37°C 
Ultra-violet light
Adequate disposal facilities for discarded 
culture tubes
1992 45 x 30 ml bottles containing tryptone
water plus MUG
45 x 30 ml bottles containing
MacConkey broth plus MUG
45 x 30 ml bottles containing KAA broth
1 x 1 ml syringe
1 x 10 ml syringe
Marker pens
Three sterilised sample containers 
Adequate container to transport samples 
to laboratory 
Incubator at 37°C
Adequate disposal facilities for discarded 
culture tubes
1993 10 x filtration 
units
1 x 50 ml syringe
1 spare rubber adaptor
4 x 5 ml syringes
Labelled Jiffy bag
to return sample for confirmation
Marker pens
Sterilised sample container 
Adequate container to transport samples 
to laboratory
Two incubators - one at 300C/44°C 
one at 370C/44°C 
Long wave ultra-violet light 
Adequate disposal facilities for discarded 
culture plates
1994 3 x filtration units 
1 x 50 ml syringe 
1 x rubber adaptor
Labelled jiffy bag to return sample for
confirmation
Coloured labels
Marker pens
Sterilised sample container 
Adequate container to transport samples 
to laboratory 
Incubator at 30°C 44°C 
Adequate disposal
facilities for discarded culture plates
156
Table II 6. Media components and sources, ^indicates source was Sigma Chemical.
Media and Suppliers 
Code
Suppliers Components
KAA broth LAB 107-A 
(1990/1991)
Lab M, Topley Road, 
Bury, England
Tryptone 20g/l 
Yeast extract 5g/l 
Sodium chloride 5g/l 
Sodium citrate lg/1 
Aesculin lg/1
Ferric ammonium citrate 0.5 g/1 
Sodium azide 0.5 g/1 
Kanamycin supplement
KAA broth CM771 
(1992/1994)
Oxoid Unipath Ltd, 
Wade Road, 
Basingstoke, England
Tryptone 20g/l 
Yeast extract 5g/l 
Sodium chloride 5g/l 
Sodium citrate lg/1 
Aesculin lg/1
Ferric ammonium citrate 0.5 g/1 
Sodium azide 0.5 g/1 
Kanamycin supplement SR92
MacConkey Broth 
CM5a
Oxoid Unipath Ltd Peptone 20g/l 
Lactose lOg/1 
Sodium chloride 5g/l 
Bile salts 5g/l
Bromocresol purple O.Olg/1
MUG Reagent BR71 Oxoid Unipath Ltd 50 mg MUG added to 2 ml distilled 
water
Tryptone Water CM87 Oxoid Unipath Ltd Tryptone lOg/1 
Sodium chloride 5g/l
Slanetz and Bartley 
Medium CM377
Oxoid Unipath Ltd Tryptose 20g/l 
Yeast extract 5g/l 
Glucose 2g/l
Sodium phosphate 2H20  4g/l 
Sodium azide 0.4g/l 
Tétrazolium chloride O.lg/1 
Agar lOg/1
BUG Sigma Chemical, 
Fancy Road, 
Poole,
Dorset,
England*
BDH Merck Ltd, 
Broom Road, 
Parkstone,
Poole,
Dorset,
England
ONPG 500 mg/1 
Na2S04 40 mg/1 
* Amphotericin B lmg/1 
Na3H P04 6.2g/l 
M gS04 100mg/l 
NaCl lOg/1 
(NH4)2S04 5g/l 
M nS04 500g/l 
CaCl2 50g/l 
KH2P 0 4 900mg/l 
♦Vancomycin 50mg/l 
Bacteriological peptone lg/1 
Bacteriological agar 12g/l 
*BCIG 100 mg/1
MLS Broth MM615 Oxoid Unipath Ltd Peptone 39g/l 
Yeast extract 6g/l 
Lactose 30g/l 
Phenol red 0.2g/l 
Sodium lauryl sulphate l.Og/1
Membrane Lauryl Sulphate
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Xhc medium MLS hss been recommended es sl stzmdsrd medium for the enumerstion 
of coliform organisms and E. coli from water and sewage by the membrane filtration 
method in the UK (Stanfied & Irving, 1981; Report, 1983) and in other European 
countries and the USA (Frampton & Restaino, 1993). MLS is a selective agent for 
E. coli and other coliforms. The presence of yellow colonies after incubation at 35°C 
indicates presumptive coliform organisms and yellow colonies after incubation at 44°C 
indicates presumptive thermotolerant coliforms assumed to be E. coli. The addition 
of the supplement MUG to the medium can facilitate the confirmation of E. coli.
Methyl umbelliferyl-(3-glucuronide reagent
The reagent MUG is a fluorescent agent used in the detection oiE . coli, first reported 
by Dahlen & Linde (1973). The reagent is split by the enzyme glucuronidase to 
release 4-methylumbelliferone which produces a green/blue fluorescence under long­
wave UV light (Clark et al., 1991). Within the Enterobacteriaceae family the 
production of glucuronidase is limited to strains of E. coli (around 97% of E. coli 
strains) and some Salmonella and Shigella strains (around 17 and 40% respectively; 
Feng & Hartman, 1982). Some strains of Citrobacter have also been shown to 
produce glucuronidase. The compound has been shown to be preferable to others such 
as lauryl tryptose broth and MacConkey broth (Ogden & Watt, 1991) and as effective 
as BUG (Frampton et a l ,  1988) for presumptive detection of E. coli pathotypes 
(Balebona et a l ,  1990; Ogden & Watt, 1991). In addition, it allows the distinction 
between E. coli and other organisms such as Aeromonas spp, Enterobacter 
agglomérons and Vibrio spp. which are commonly mistaken for E. coli during 
analysis (Neilson, 1978), since it has been shown that none of these species produce 
^-glucuronidase (Feng & Hartman, 1982). When using MUG, the enzyme reaction 
is quick - generally within four hours - and fluorescence of E. coli colonies occurs 
within 12-20 hours of incubation (Feng & Hartman, 1982). The main disadvantage 
with using MUG is that in some cases background fluorescence is produced on the 
membrane filters making distinction of the colonies difficult (Feng & Hartman, 1982) 
(Plate II 4).
158
5 bromo-4-chloro-3-indolyl-$-D-glucuronide reagent
This reagent can be used as an alternative to MUG in the confirmation of E. coli. The 
enzyme glucuronidase releases indoxyl which is oxidised to produce insoluble indigo, 
E. coli colonies appearing blue on the membrane or agar plates. The advantage of 
using BUG in preference to MUG is that it does not require UV light to enumerate 
the colonies, and the blue colour is localised around the colonies, improving their 
definition. The main disadvantage with BUG is that it is expensive in comparison to 
MUG. When it is used with lauryl sulphate broth it does not produce very intense 
colour, even after 24 hours (Frampton et a l ,  1988). In addition, the colour produced 
has been shown to mask other colour changes which may occur during confirmatory 
tests (Frampton et a l ,  1988).
II 3.2.2.(b) Methods
Surveyors selected the points at which to take the sea water sample on the basis of 
advice that the tests should be conducted within the block of coastline they had 
surveyed for the other components of the Coastwatch UK survey. Surveyors were 
provided with a report form to record a full description of the sampling site including 
a map reference (Appendix VIII details the sites surveyed in this component). 
Fleisher (1990) has documented some of the statistical problems associated with 
enumeration of indicator organisms against a standard. The main problem occurs 
where the estimate is not statistically significantly different from the standard. A large 
number of replicates are therefore needed to improve the accuracy of the test. 
Surveyors in the Coastwatch UK surveys were provided with sufficient media to 
undertake only a limited number of determinations for E. coli, total coliforms and 
faecal streptococci.
Two different analytical methods were used as detailed in Table II 4. The MPN 
method was used in 1990, 1991 and 1992 and the membrane filtration method in 1993 
and 1994. The use of either these methods is recommended in the EU bathing water 
Directive (CEC, 1976a). Both methods have advantages and disadvantages. In the
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MPN method, measured volumes of water are added to sets of tubes of the selected 
enrichment media, and a presumptive count is obtained from probability tables 
(devised by Swaroop, 1938). As it is a statistically-based estimate the potential exists 
for large errors especially at low levels (Hutton, 1983). This method also requires a 
large amount of glassware, an autoclave and large quantities of culture media.
In the membrane filtration method a measured volume of water is passed through a 
sterile membrane. The micro-organisms remain on the surface of the membrane which 
is then placed on a suitable medium and treated appropriately to allow growth of the 
colonies. The method requires smaller quantities of media than the MPN method and 
is more accurate at low levels (Hutton, 1983) but the equipment required is more 
expensive. It was recently confirmed that MPN with three or five tubes per dilution 
was unreliable in comparison to membrane filtration (EC, 1995b).
II 3.2.2. (c) Sampling regime
Test kits were designed to be operable in the field. Instructions were provided for a 
standard sampling regime. Samples were advised to be taken using a sterilized, 
labelled container from a depth of around 30 cm in 1 m of water as specified in the 
EU bathing water Directive (76/160/EEC; CEC, 1976a). The container was flushed 
through with sea water before the sample was taken. Surveyors were advised to keep 
the samples cool and in the dark for transportation to the laboratory and to complete 
analysis within four hours of sample collection. Instructions were given to wash hands 
thoroughly with soap and water or to use an alcohol-impregnated wipe to remove any 
faecal organisms lodged there before beginning the analysis.
II 3.2.2. (d) Disposal of used units or tubes
Following the analysis the surveyors were advised to treat discarded units or tubes 
either by autoclaving or immersing in a beaker of methanol or disinfectant for 30 
minutes and then disposing.
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II 3.2.2. (e) Variation in methods by year
In 1990 and 1991 microbiological sampling was conducted using the MPN method as 
described in section II 3.3.2 (b). Tables I I 4-6 detail the materials used in these years. 
The method and results will not be described in detail as these years were considered 
as trials for the sampling undertaken in 1992-1994.
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The analytical method used in 1992 was MPN. The sample was taken by the standard 
method as described in section II 3.2.2. (c). Sufficient media, provided as a 
commercially available dehydrated nutrient media (Tables II 4-6), was provided to 
undertake three determinations each for E. coli plus coliforms, E. coli alone and 
faecal streptococci. For each determination fifteen tubes of the appropriate medium 
was taken. Three dilutions were made using five of the fifteen tubes per dilution. 
Each series of five tubes were labelled SI - S3 to indicate the dilution factor. The 
tubes were thoroughly shaken to ensure the reagents were mixed before incubation for 
the appropriate periods as shown in Table I I 7. This was repeated with each medium.
Following incubation and exposure of the tubes containing MUG to UV light the 
number of tubes showing a 'positive' reaction as indicated by the colour changes 
specified in Table II 7 were recorded in triplet format. The combinations were then 
read against the probability table (Swaroop, 1938; Appendix VII) to give the MPN 
index and 95% confidence limits. The results were recorded on a report form 
(Appendix VII) and returned for analysis. The used tubes were then disposed of using 
the standard method described in section II 3.2.2 (d).
1993
The analytical method used in 1993 was membrane filtration. Four media were 
provided for isolation of E. coli, coliforms and faecal streptococci (Tables II 4-6). 
Sufficient materials were supplied to allow either one or two sampling points to be
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used. If samples were taken from one point, two sets of five filtrations were 
undertaken on the sample so replicates could be compared. If two sample points were 
used, five filtrations were recommended on each sample. The sample was taken by 
the standard method described in section II 3.2.2. (c). Ten filtration units (55-Plus 
Monitor, supplied by Millipore (UK) Ltd, Watford, Hertfordshire, UK) were issued 
to 50 surveyor groups. These are self-contained disposable filtration units capable of 
filtering up to 100 ml. The unit consists of a base which converts into a culture dish 
(Plate II 4).
The sample was filtered through the membrane surface of the monitor unit using a 50 
ml syringe. Using a 5 ml syringe, 3 ml of the appropriate media (Tables II 4 and 6) 
was added to the appropriate monitor units. The culture dishes were marked and 
placed, cap side up, in an incubator for resuscitation as described in Table II 7 and 
then incubated for the appropriate length of time at the higher temperature (Table II 
7). Following the incubation period, the colonies were examined and counted through 
the magnifying area on the lid of the monitor unit. The various colonies were 
identified by the characteristics described in Table II 7. To identify E. coli colonies 
the unit was examined under UV light. Results were recorded as the number of 
bacteria per 100 ml of sea water in the report form provided (Appendix VQ) and 
returned for interpretation. If a sample was considered by the surveyors to be heavily 
polluted it was diluted with tap water from the rising main and the final counts 
adjusted accordingly. Presumptive Group D streptococci colonies were identified as 
maroon/red colonies after incubation at the appropriate temperature (Plate II 5).
Surveyors were asked to transfer a single colony of presumed E. coli taken from 
either the BUG filter or the MAC & MUG filter to a slope of nutrient agar provided 
with the microbiological kit and to return it for confirmation. Instructions were 
provided on the method of inoculation and safe postage (Appendix VII).
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1994
The analytical method used in the 1994 survey was membrane filtration. Sufficient 
media was provided to undertake two tests for E. coli and one test for faecal 
streptococci (Tables I I 4 and II 6 detail the media used and Table II 7 the incubation 
periods and colony characteristics; Plate II 5). The analysis was conducted as 
described for the 1993 survey. Surveyors were asked to return one labelled MUG 
base unit for confirmation of E. coli.
II 3.2.2. (f) Confirmation of E. coli
The tests undertaken above provide presumptive counts of the indicator organisms. 
To confirm the identification of E. coli colonies in 1993 and 1994 the slopes provided 
by the surveyors were inoculated onto various agars: (a) CLED - on which E. coli 
appears as yellow colonies, (b) MacConkey agar, on which E. coli colonies appear 
pink, (c) In 1994 a third agar was used - MUG on which E. coli colonies fluoresce 
under UV light (Plate II 4). As already discussed (section II 3.2.2. (a)) MUG tends 
to diffuse over the agar plate thus making identification of the colonies less easy. 
MacConkey agar and CLED have the advantage of both being more selective than 
MUG - E. coli colonies will grow on both these media even if no glucuronidase is 
produced.
API 20 E (API System SA, Montalieu Vercieu, France) system was used to confirm 
whether the colonies returned were E. coli or not. This is a standardised procedure 
for the identification of Enterobacteriaceae and other Gram negative bacteria and 
consists of 21 biochemical tests. The API system has been compared with other 
similar tests and found to be reliable (Smith et a l ,  1972; Nord et a l ,  1974; Willis 
& Cook, 1975).
Plate II 4. Water quality determination
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Membrane filtration units and associated equipment used in the 1993 and 1994 
surveys
E. coli colonies on MUG reagent viewed under UV light
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Plate II 5. Faecal streptococci colonies. Colonies are viewed from the underside of 
the plate.
Presumptive aesculin-hydrolysing streptococci colonies grown on KAA broth. The 
colonies are identified by black zones around white or grey colonies after incubation.
1 ,
Presumptive Group D streptococci colonies grown on Slantez and Bartley broth. The 
colonies are identified as maroon/red colonies after incubation.
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Table II7. Culture conditions of the various media and colony characteristics (1993).
Medium Indicator
Bacteria
Resuscitation Incubation Colony
Characteristics
Time
(Hrs)
Temperature
(°C)
Time
(Hrs)
Temperature
(°C)
BUG E. coli 4 30 18 37 Azure blue 
colonies after 
incubation
MAC+MUG E. coli 4 30 18 44 Pink, sweet 
smelling colonies 
after incubation 
and fluoresce 
under UV light
MAC+MUG coliforms 4 30 18 37 Pink colonies after 
incubation. Do not 
fluoresce under 
UV light
MLS coliforms 4 30 18 37 Yellow colonies 
after incubation
Tryptone 
water plus 
MUG
E. coli 4 30 24 37 Fluoresce under 
UV light
KAA faecal
streptococci
4 30 24 44 Blue/black 
colonies after 
incubation
S+B faecal
streptococci
4 37 44 45 Small
red/pink/maroon
colonies
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II 3.2.3. National questionnaire
The National questionnaire was introduced in the 1992 UK survey (Appendix I). It 
was developed to supplement the Coastwatch Europe questionnaire and to provide 
information which would be specific to individual local authorities to aid in coastal 
management decisions such as issues of development control, co-ordination of coastal 
activities and conservation of the coastal zone. It aimed to provide the necessary 
information needed to compare the effectiveness of management techniques adopted 
by various local authorities and to encourage neighbouring local authorities to liaise 
over potential threats.
In order to ensure that the most relevant information was included in the questionnaire 
a consultation process was initiated with local authorities with responsibility for 
coastal areas. Initially, Hampshire County Council Planning Department, Havant 
Borough Council Environmental Health Department and New Forest District Council 
Environmental Health Department were approached. The rationale and methods of the 
Coastwatch UK project were discussed and all aspects of the questionnaire were 
examined in detail, including its potential as a value-added source of management 
information to aid coastal zone planners in their decision-making processes. It was 
considered that the value of the survey could be enhanced by creating an additional 
set of questions to be answered on every 0.5 Km unit of coastline. The consultation 
process was then extended to all local authorities in England and Wales possessing a 
coastal boundary through a postal survey.
II 3.2.3. (a) Consultation process
Coastal local authorities in England and Wales were approached in March 1992 by 
means of a postal survey to (a) establish their views on the existing (1991) Coastwatch 
UK survey and (b) to seek suggestions for inclusions in the 1992 questionnaire which 
would help to maximise the potential of the survey as a tool for coastal management.
167
Local authorities were invited to suggest modifications or additions to the existing 
questionnaire to make it of more value to them. In general, the Planning Department 
or Technical Services Department was targeted. Responses were received from 31 
authorities (20% of the total number contacted; Appendix IX).
Four main uses for Coastwatch UK by local authorities were identified by 
respondents: (a) To provide information to assist in the preparation of local plans; (b) 
to provide information to assist in the preparation of coastal management plans; (c) 
to assist in the examination of pollution control; (d) to aid participation and education. 
On the basis of these responses the National questionnaire (Appendix I) was designed 
and included in the 1992 survey.
The National questionnaire thus collected information on a range of issues: The extent 
of public knowledge of local legislation such as byelaws, was identified as an area 
which local authorities were keen to establish. Surveyors were therefore asked to 
provide information on byelaws existing in their coastal unit. The identification of 
existing byelaws can be combined with information on pollution and litter markers 
from the main survey, used to assess whether existing byelaws are effective or not 
and what additional controls may be necessary in a unit. An assessment can be made 
of public knowledge of byelaws - an important factor in ensuring that legislation is 
respected and therefore effective.
A subjective assessment of the litter and pollution status of the coastal unit was 
deemed to be useful since visitors' perception of the quality of a coastal site is 
particularly important in terms of tourism. The establishment of the European Blue 
Flag Awards (FEEE, 1993) and other beach awards currently in place (TBG, 1994; 
refer to section I 2.3) have tried to address this issue to some extent and resorts that 
have received a Blue Flag receive favourable publicity (see for example, The Times, 
June 6th 1991) inevitably providing a boost for tourism. However, the concept that 
'blue flags mean better beaches' has recently been challenged (Editorial, 1994) and 
these and other rating systems currently in place for beaches have recently been 
assessed. Several alternative ratings have been suggested (see for instance Morgan et
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a l ,  1995). The most comprehensive system is proposed by Williams & Morgan 
(1995) who identified 50 criteria which should be considered when assessing beach 
quality. At best, only ten of these are included in the systems currently in place.
Undoubtedly, aesthetic factors are important in indicating the quality of the coastal 
unit and when combined with actual counts of litter items provided in the main survey 
and the number of litter bins recorded in the unit, can provide a continual assessment 
of the status of the unit and the main problems as perceived by visitors. Surveyors 
were asked to assess whether, in their opinion, the unit had improved, deteriorated 
or stayed the same in terms of pollution. This question was only answered by those 
groups that had surveyed the identical unit in the previous surveys.
An assessment of visitor numbers can provide authorities with an indication of areas 
which may be under threat from pressures created by high concentrations of visitors. 
The timing of the survey is at the shoulder end of the formal tourist season when 
authorities are less likely to be conducting formal cleaning of their identified beaches. 
Many byelaws applicable to visitors, such as those relating to dog fouling, recreational 
activities or car parking are only applicable from May to September (Hampshire 
County Council, 1991; West Sussex County Council, 1992) and are only enforced at 
these times under the Environmental Protection Act (1990) (HMSO, 1990b), but an 
estimation of visitor numbers provided by the survey may indicate that this is 
unsuitable and may need to be extended to accommodate large numbers of visitors 
using the coast outside the identified areas. The inclusion of survey areas away from 
identified beaches to areas of open coastline may give an indication of popular areas, 
at present not formally identified, in need of protection from high visitor numbers.
An indication of the main types of activities undertaken in the coastal units was also 
proposed. Such information can be used in conjunction with the knowledge of byelaws 
applicable to the unit to provide an indication of the need for additional protection for 
the unit or for additional facilities. This question was answered by surveyors who 
knew the unit 'well'.
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An estimation of the number of litter bins in the unit can be used to cross-reference 
with the quantities of litter recorded at a particular site and used to determine what 
may be considered an optimum number. However, this can only provide worthwhile 
conclusions if cross-referenced to the extent of visitor pressure and origin of litter in 
an integrated way.
The question regarding 'nuisance' pollution is recognised as a subjective assessment. 
It constitutes those activities or issues which surveyors found objectionable, such as 
noise pollution or overcrowding. Local authorities can use this information to adapt 
their management policies, particularly in tourist areas. It may thus be appropriate 
to use 'zoning' in areas where noise pollution from water sports is identified. This has 
already been addressed by Hampshire County Council in the Solent (Hampshire 
County Council, 1991). The development of awareness campaigns may also result 
from the identification of 'nuisance' pollution. In Hampshire for example, jet skis, 
water skis, windsurfing and sailing is extremely popular on the Solent leading to 
conflicts of interest and possible hazards to bathers. Collaboration of the County 
Council with the Royal Yachting Association and other recreation clubs has resulted 
in the development of training schemes for people new to water-based activities 
(Hampshire County Council, 1991).
Another area which may pose importance for tourism is the assessment of eyesores 
in the coastal unit. For the purposes of Coastwatch UK an eyesore was defined as any 
object or building which the surveyor considered to detract from the appearance of 
the unit. However, this is extremely subjective and some structures considered an 
eyesore to one group, such as World War Two gun emplacements, may be considered 
by other groups to be of heritage interest. The identification of such structures may 
be an important factor in the success of tourism in an area.
The owners of coastal land are responsible for its management. These may be private 
owners, local authorities or organisations such as the National Trust. Identification of 
those responsible will allow liaison between sites and thus more effective and 
integrated management. Surveyors were therefore asked to indicate the owner of the
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foreshore and adjacent land of the coastal unit.
An important issue in CZM is the involvement of the public and voluntary groups 
(Gubbay, 1994; Pullen, 1994). The identification of local groups involved in 
management of the unit was also a component of this questionnaire. The role of 
voluntary organisations in CZM has been investigated by Edwards (1993). He 
identified the role of the 13 of the main national and international conservation 
organisations which rely on volunteers to carry out site protection work, educational 
activities, campaigning, fund raising and research in relation to the coastal zone. 
However, there are many more, smaller, local groups with considerable local 
knowledge. Identification of these groups involved in coastal issues can provide local 
authorities with important sources of information relating to potential threats or 
pollution incidents. With authorities restricted by financial constraints local groups, 
if carefully trained, can undertake conservation projects, beach clean-ups or act as 
'guardians' for the local authorities. This is already undertaken by some authorities 
such as North Norfolk District Council (D. Robinson, pers. comm.) and Moray 
District Council (S. Williamson,pers. comm.) who use volunteers to supplement their 
official beach cleaning programmes. The involvement of local groups in such projects 
also helps to raise public awareness of coastal issues, as undertaken extensively in the 
USA (Paris & Hart, 1995) and in New Zealand (Newsletter, 1995). The 
identification of these groups and the activities which have taken place immediately 
preceding the survey may provide explanations for the varying conditions of the 
different sites if cross-referenced to relevant sections of the questionnaire. In addition, 
the effectiveness of these activities by such local groups may also be assessed.
II 3.2.3. (b) Methods
Completion of the National questionnaire was undertaken using the same methods and 
at the same time as the main Coastwatch UK survey (section U 2.1 - II 2.6). Each 
volunteer group was provided with ten National questionnaires simultaneously with 
the materials for the main survey. Full guidance notes were included in the 'resource 
file'. Volunteers were asked to record the name of the block, block code and unit
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code to identify the stretch of coastline surveyed. These were the same codes provided 
for the main survey. The National questionnaires were returned with the main 
questionnaires, checked to ensure the codes were correct and the data entered on a 
data entry program (Dbase IV) dedicated to the National questionnaire.
II 4. Quality assurance
A number of measures were incorporated into the survey to ensure the reliability of 
the results. The inclusion of a quality assurance programme helps to make the study 
repeatable and is also essential where the study is conducted over a long period of 
time and involves a large number of people as it provides a set of guidelines to 
follow. In addition, the accuracy of the data collected by volunteers can be assured 
(Ribic et a l ,  1992). The instructions provided to the surveyors form the greater part 
of the quality assurance programme and have already been described (section II 3.1; 
Appendix VI). The accuracy of the data collection is assured by the inclusion of the 
measures described below in sections II 5 and II 6.
II 5. Assessment of reproducibility of results
(a) To investigate the reproducibility of results, a programme to compare the 
responses of volunteers was introduced in the 1993 survey. Two independent groups 
of surveyors were asked to survey the same block of coastline within the two-week 
fieldwork period but on different days. In the 1993 and 1994 surveys replicate 
samples were undertaken on 10% of the total number of units surveyed. The results 
were compared using appropriate statistical tests.
(b) A second programme to investigate the reliability of sampling between groups was 
organised in 1994. Eleven groups, each containing three members, were organised to 
complete questionnaires on four units of a block of coastline on January 30th 1994 
using the standard method adopted for the survey (section II 2.6). Each group, aged 
between 16 and 18, from St Gyres School, Penarth, South Glamorgan were provided 
with four questionnaires plus copies of the instruction and safety sheets provided in
the 'resource file'. Each group was asked to survey the same 2 Km stretch of 
coastline at St Marys Well Bay at low tide (Plate II 6). The groups were organised 
to begin sampling at five minute intervals and completed sections A - knowledge of 
the site, B - inflows and E - litter and pollution, of the questionnaire. In addition, they 
were asked to record their ages, sex and whether or not they had taken part in a 
Coastwatch UK survey before.
II 6. Internal cross checks
Cross checks were incorporated into the analysis program to eliminate any possible 
inconsistencies in data collection. These included: (a) Only surveyors who answered 
'well' to question A5 (familiarity with the site) should have responded to question D4 
- presence of algal blooms; (b) only those surveyors who answered 'well' to question 
A5 (familiarity with the site) should respond to question E4 concerning frequency of 
sewage pollution incidents.
II 7. Seasonal variability
In order to investigate the variation in quantities of litter recorded at different times 
of the year, twenty-eight surveyor groups were organised to conduct a proportion of 
the survey at three times throughout the year following the 1993 and 1994 fieldwork 
periods. Each group was asked to complete sections A1-A8 inclusive concerning 
information on the site (refer to section II 3.2.1.), D6 (presence of oiled birds), E l 
(percentage cover of litter), E2 (major items of debris), E3 (general items of litter) 
and E4 (frequency of sewage pollution incidents) of the questionnaire on at least two 
units of a coastal block in December 1993, March 1994 and June 1994 (Appendix X) 
using the method described in section II 2.6. Questionnaires were returned to the 
Coastwatch UK office for analysis. The three survey periods chosen cover the height 
of the tourist season, mid-winter and spring. Samples representative of all seasons 
were thus achieved.
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Plate II 6. Map showing sampling block at Swanbridge, South Glamorgan surveyed 
by St Gyres School, Penarth to investigate the reliability of sampling between groups. 
Each 0.5 Km unit surveyed is indicated.
St Marys Well Bay - OS map reference ST 174674-188682
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I I 8. Investigation into beach litter management programmes in selected counties
For the purposes of the current research, the beach litter management programmes 
of three counties have been selected for investigation - Hampshire, Grampian and 
Norfolk - and within each region two sites have been selected - one an identified 
bathing area and one which has no such identification. The relevant County and 
District Councils were contacted to establish their approaches to beach litter and an 
assessment of the current procedures in place in these counties and districts are 
summarised. Each County Council confirmed that litter management is not their 
responsibility but under the Environmental Protection Act falls as the responsibility 
of the District Councils, thus highlighting the local and insular approach taken to 
coastal management in the UK. The responses are therefore based on those received 
from the following district authorities: North Norfolk District Council, New Forest 
District Council, Fareham Borough Council, Southampton City Council, Havant 
Borough Council and Moray District Council.
As already identified in Table I 20, Hampshire has a very comprehensive coastal 
management policy covering pollution, water quality and industry but litter 
management has not been an area of priority within the county (A. Inder, pers. 
comm). Each district authority addresses the issue under the relevant legislation but 
collectively the county has not focused on it. In the Solent region liaison between 
representatives of the district authorities and representatives of local interest groups 
occurs through the Solent Water Quality Conference - a consortium of local 
authorities and interest groups in the Solent region. This group has been primarily 
concerned with water quality but have recently identified the need to discuss the issue 
of marine litter and is considering ways of dealing with it (A. Inder, pers. comm.).
On a individual basis and as part of the Environmental Protection Act, responsible 
authorities are required to clean amenity beaches daily between May and September. 
In some cases, for example New Forest District Council, these beaches are also 
cleaned between October and April (M. Cash, pers. comm.). This District Council 
cleans the beaches by hand and encourages indirect action by involving voluntary
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groups once or twice a year in beach cleans. Approximately £35,000 is spent annually 
on beach cleaning by this authority.
Within the Grampian region the beaches selected for further investigation are under 
the jurisdiction of the Moray District. The amenity beaches in this district are cleaned 
fortnightly by hand and occasionally voluntary groups organise beach clean ups. The 
District Council estimate that approximately £17,000 is spent annually on cleaning all 
the amenity beaches. The beaches selected for further investigation in this district are 
not entered for any beach awards (S. Williamson, pers. comm.).
Within Norfolk the beaches selected for comparison are within the jurisdiction of 
North Norfolk District Council. All 'series I resorts' - Cromer, Sheringham, 
Mundesley, Overstrand, East and West Runton - are cleaned of litter on a daily basis 
during the summer season and for the first four weeks of the start of the winter season 
they are cleaned four times a week. The litter is normally removed by hand by a 
contractor. The authority estimate that approximately £50,000 is spent on beach 
cleaning per annum (D. Robinson, pers. comm.).
Given the importance of the involvement of the public in coastal management, the 
selected authorities were asked whether they encourage voluntary groups to adopt 
sections of coastline and regularly clean them. All the authorities except Havant 
Borough Council and Southampton City Council do currently encourage such 
voluntary practices. These two exceptions saw a value in introducing such a practice 
highlighting the value seen in the involvement of the public in beach litter 
management. Likewise, Havant Borough Council and Southampton City Council were 
the exceptions amongst those approached concerning increasing public awareness 
about litter and targeting education at groups associated with specific litter sources. 
Neither Havant Borough Council or Southampton City Council implement such 
policies in their regions at present but both saw advantages in the introduction of these 
in the future.
II 9. Data analysis and statistics
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Data was entered on an input program written in Dbase IV (Ashton-Tate 
Corporation), which was adapted in-house to suit the Coastwatch Europe questionnaire 
and the National questionnaire. Subsequent analysis was carried out using Dbase - 
primarily to produce cumulative totals of each category - and two statistical packages 
- SPSS and Minitab (Minitab Inc.). A variety of statistical tests were performed where 
appropriate - chi-square, ANOVA, matched and unmatched t-tests.
Chi-square is used as a 'goodness of fit' test. The test has been used to test (a) 
parameters between regions in which case the hypothesis tested is 'that the number 
of litter items found is evenly distributed between the regions ' and (b) between the 
years of survey in which case the hypothesis tested against is 'that the number o f litter 
items found is distributed evenly between the years'. Thus in both cases when the chi- 
square value is large enough to be significant it is concluded that the distribution is 
not even.
Chi-square has also been used as a test of the strength of the association between the 
categorical variables to identify whether the presence of a particular litter item is 
related to the presence or absence of other items.
Matched and unmatched t-tests were used to test for significant differences between 
two conditions, such as two regions, two counties, two sites or two years. However, 
when there were two variables (such as site and month) which can each have more 
than two conditions (such as six sites tested over three months) ANOVA was the most 
appropriate test of difference.
The potential applications of the data has been investigated primarily using the data 
collected regarding litter since this was the main focus of the survey and provided 
quantitative data. The data sets from 1992, 1993 and 1994 only have been used for 
this analysis since no variations to the questionnaire were made during this time. The 
data was thus analysed:
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(a) To investigate if any differences in types and quantities of beach litter around the 
UK exist - the data was compiled into nine regions based on those identified by the 
NCEAG (NCEAG, 1994) and compared between regions and for each region within 
years.
(b) Three regions were then selected for further comparison based on the level of 
coastal management known to exist (identified by the NCEAG, 1994 and ASH 
Consulting Group, 1994. For further details refer to section I 5.3). This comparison 
aimed to identify if any significant variations in beach litter observed between the 
regions could be attributed to differences in coastal management strategies in place 
and if examples of good practice could be identified. The three regions identified were 
the South East of England (incorporating Essex, Kent, East and West Sussex, 
Hampshire and the Isle of Wight), the East of England (incorporating Suffolk, 
Norfolk, Lincolnshire and Humberside) and the Grampian region of Scotland (Moray 
District, Banff and Buchan, Gordon, Aberdeen City and Kincardine and Deeside).
(c) Within each of these regions one county/district was selected for further 
comparison, again based on the level of coastal management in existence. These were: 
Hampshire, Norfolk and the Moray District.
(d) Within each of these regions two sites were selected for further comparison, one 
being a beach adjacent to an identified bathing area, and one which is not. For each 
site data had been collected over a three-year period. The sites chosen were: Barton 
on Sea and Southsea (Hampshire); Sheringham and East/West Runton (Norfolk); 
Lossiemouth and Burghead Bay (Moray District).
(e) To identify potential aesthetic health indicators the data collected concerning 
medical waste was analysed for comparisons between regions and between years.
(f) The full data set was analysed in an attempt to identify potential pollution 
indicators. For example if there was any correlation between the appearance of 
particular items. This may be important in identifying sources of pollutants and
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subsequent management strategies to reduce pollutants.
The main aim of this thesis is to appraise the Coastwatch UK project and its value as 
a tool in coastal management. Therefore to validate the methodology a comparison of 
the data collected on a national scale with other data sets has been undertaken, the 
results of which are discussed in Chapter HI.
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Chapter III
RESULTS
III 1. Introduction
The results of the Coastwatch UK survey are published each year in the form of a 
national report (see for example Rees & Pond, 1994). Results are analysed to give a 
national picture of the condition of the UK coastline during the survey period and any 
improvements or deteriorations over the previous year noted. County/regional 
summaries were also compiled for the 1992,1993 and 1994 survey reports to provide 
a more local focus for local authorities and interest groups. The data is presented as 
the percentage of units surveyed showing each characteristic but is not tested 
statistically. These reports thus provide an annual indication of the condition of the 
coastline in comparison with previous years' surveys. The report is published within 
three months of completion of the fieldwork period. As Earll (1995) states the 
reporting in 'real time' is essential if the data is to have any real use as a management 
tool.
The current research has analysed this, and additional related data, in detail focusing 
primarily on the data concerned with litter. Only minor modifications were made to 
the base questionnaire in 1992, 1993 and 1994, therefore it was considered 
appropriate to confine the statistical analysis of the data to these years. Data 
concerning medical waste was collected using a report form which did not alter from 
1991 to 1995. Data from all these years has therefore been analysed and compared. 
General observations regarding organisation, participation and coverage of the 
coastline have been presented in section III 2 and concern data collected from 1990 
- 1994. The national data collected from 1992-1994 has then been investigated as 
potential indicators of pollution. More detailed analysis of some sections of the data 
set has been undertaken in subsequent sections.
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III 2. General observations
III 2.1. Surveyor profile 
(refer to section II 2.7)
Information describing the structure of the groups participating in the 1992 
Coastwatch UK survey was received from 49% of the total surveyor groups. Of these, 
23% were from school groups and 17% from local interest groups. The remainder 
were informal groups such as local residents. Such community-based and local 
resident groups provide the most accessible means for people to undertake 
environmental action (Pullen, 1994). Fifty percent of the groups responding had 
participated in Coastwatch UK in 1991 as well as 1992, 19% had participated in 1992 
and 1990 and 11 % had been involved in 1989. With over half of the surveyors having 
undertaken the survey at least once before greater confidence can be put on the 
consistency of reporting between survey years.
As to be expected the majority of groups completing the survey lived within close 
proximity of the coast - 62% of groups responding lived closer than five miles to the 
coast. The involvement of local residents increases the likelihood of surveyors being 
able to rearrange their survey day if adverse weather conditions or travel difficulties 
occur. In addition, the participation of local residents helps to invoke a feeling of 
involvement in coastal management and therefore promotes a greater understanding 
(Gubbay, 1994). Figure m  1 shows the distances volunteer groups travelled to 
participate in the survey. The local nature of the majority of the groups also increases 
the possibility of such groups becoming involved in follow-up activities.
The nature of the survey meant that it was best suited to groups, both from the safety 
aspect of conducting an activity by the coast and due to the relative detail required to 
complete the questionnaires. The majority of surveyors completing the 1992 survey 
belonged to a group of between two and five people. Despite advice to complete the 
survey with other people almost a quarter completed the survey alone. Figure III 2 
shows the proportion of each group size completing the survey.
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F i g u r e  I I I  1 .  D i s t a n c e  s u r v e y o r  g r o u p s  t r a v e l l e d  t o  
p a r t i c i p a t e  i n  t h e  C o a s t w a t c h  U K  s u r v e y ,  1 9 9 2
15%
0  <5 miles 
■  5-10 miles 
0 1 0 -2 0  miles 
D >20 miles
F i g u r e  I I I  2 .  S i z e  o f  s u r v e y o r  g r o u p s  c o m p l e t i n g  t h e  
C o a s t w a t c h  U K  s u r v e y ,  1 9 9 2
0  Alone 
E 2-5 People 
0 6 -1 0  People 
0 1 1 -1 5  People 
■  >15 People
50%
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As described previously, the surveyors can be categorised into three main groups: 
educational groups, local interest groups and 'others' - assumed to be groups of 
individuals concerned with the coast but not belonging to a formal group. Of the 
school groups responding, 38% had up to 10 students involved in the survey. An 
equal percentage (31%) had between 10 and 20 or more than 20 students involved. 
The number of supervisors accompanying the students varied from 1 (in 35% of 
respondents) up to 12 (in 2% of groups) and the age of the students varied from 
primary to university. When asked which age group the respondent felt the project 
was most suitable for, the majority (45%) indicated it was best suited to 15-16 year 
olds (GCSE level), 35% to sixth formers, 22% to 13-14 year olds and 18% to 10-12 
year olds.
When completing the survey school/college groups were generally organised into sub­
groups with each sub-group surveying one or two units. Sixteen percent of school 
groups chose other methods of organising the group such as each sub-group counting 
one particular litter item or completing one particular section of the questionnaire 
throughout all ten units but there was no evidence that the different approaches 
produced different results.
Seventeen percent of respondents were from local interest groups such as 
environmental groups, resident groups and ranger services. Coastwatch UK was used 
as part of an educational programme by 24% of these groups. The results, particularly 
those concerning litter and pollution, collected by these groups were used as part of 
another campaign by 32% of respondents. No details were given about these 
campaigns. Other sections used by local interest groups were the results of the nitrate 
tests on inflows, microbiological tests on sea water, details on wildlife and details 
concerning potential threats to the coastline.
Ill 2.2. Participation
The percentage return of questionnaires was estimated at 55% in 1990, 60% in 1991, 
73% in 1992, 60% in 1993 and 59% in 1994. The communication system established
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between surveyors and the Coastwatch UK office resulted in a higher percentage of 
surveyors who had participated in the Coastwatch UK survey in previous years 
maintaining their involvement in the survey. After contacting the groups who did not 
return the questionnaires it was established that the main reasons given for not 
completing the questionnaires were travel difficulties, illness and poor weather.
Ill 2.3. Study areas
The 1990 survey was targeted at areas used primarily for bathing and leisure pursuits. 
In subsequent years it was decided to expand the survey to include a greater 
proportion of open coastline, a representative sample of the UK coastline was 
therefore achieved including both eroding and depositing shores. Areas not officially 
designated still receive a large numbers of visitors (Moreton, 1994) and, arguably, 
should receive effective management from the appropriate authorities. The length of 
coastline surveyed each year and proportion of sites representing identified bathing 
areas are shown in Tables m  1 and HI 2. The sample achieved rose from 7 % of the 
total UK coastline in 1990 to the largest sample of 12% achieved in 1993, based on 
the estimate of the length of UK coastline given by the JNCC & EUCC (1993) (refer 
to section I 1.1).
Appendix HI details the sites surveyed in 1992, 1993 and 1994. A total of 2099 
surveys were conducted between 1990 and 1994. Of the 730 sites surveyed in 1992, 
1993 and 1994 (Appendix HI), 53% were surveyed on more than one occasion and 
of the sites surveyed since 1990, 70% of sites were surveyed on more than one 
occasion and a total of 51 sites were surveyed in each of the three years.
Ill 2.4. Familiarity with the site
Surveyors of at least a third of the units each year knew their survey unit 'w ell', and 
of the 9629.5 Km of coastline surveyed since 1990, 6701.5 Km (69.6%) were 
scrutinised by volunteers who had at least some knowledge of their site, that is, they 
had visited the site more than twice previous to carrying out the survey. This is
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Table III 1. Coastline surveyed during the survey periods 1990-1994.
Y ear 1990 1991 1992 1993 1994
Number of units surveyed 2753 4226 4370 4227 3683
Kilometres of coastline surveyed 1376 2113 2185 2114 1842
Number of sites surveyed 323 422 471 479 404
Table III 2. Total number of kilometres surveyed known by surveyors to be specially 
designated. Figures in shaded cells indicate the percentage of total kilometres 
surveyed with the identified designation.
Y ear EU Bathing 
A rea
EU
Shellfish
A rea
ASI National
P ark /
N ature
Reserve
CO RINE
Biotope
O ther
1990 155 11 32 0 # 130 9 109 ^ 0 Not
counted
142.5 m  i
1991 109.5 0 0 81.5 0 0 # 221.1 0 0 242.5 # 0 177 9 ;
1992 190 9 106 5 292 13 330 15 270.5 12 130 6
1993 217 0 0 % 70.5 253 13 323 15 137.5 7 140 7
1994 189.5 : 10 74 191 10 251.5 14 114 6 93 5 ;
/
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obviously an advantage to the surveyors when organising their survey as they would 
be familiar with access points and it may also increase the confidence in the responses 
regarding issues concerning management. In quantifying the amounts of litter on a site 
there may not be any particular advantage in having visited a site prior to the survey 
as this activity does not require previous knowledge. However, the establishment of 
a network of informed volunteers with long-term knowledge of their local site could 
have a particular advantage to those involved in coastal protection in that their 
knowledge can be drawn upon outside the survey period.
Ill 2.5. Designation
Knowledge of official designations, as described in section II 3.2.1, was consistent 
from year to year (Table HI 2). Surveyors of at least 25% of the units surveyed each 
year did not know if there was any official designation attached to the area. The 
knowledge of the surveyors concerning official designations was found to be quite 
poor, highlighting the lack of public awareness concerning coastal management issues 
- for example, in 1990 45 % of the sites surveyed were confirmed as identified bathing 
areas, however surveyors of only 11% of units knew the site was identified as such.
I ll 3. Nitrate levels of active inflows
Figure HI 3 shows the percentage of the total 'active' inflows - those carrying water 
at the time of survey - recorded each year with nitrate levels of 10 ppm or greater. 
As explained in section II 3.2.1 the estimation of the nitrate levels is based on 
interpretation of a colour test. It is therefore subjective to some extent and the results 
are treated with caution and will not be discussed in detail. However, background 
levels of nitrates in surface waters are usually below 5 ppm and concentrations above 
this may be considered to be contaminated (MNWH, 1992). Nitrate concentrations 
in excess of 45 ppm in lakes and surface waters tend to stimulate algal blooms and 
indicate eutrophic conditions (MNWH, 1992). The proportion of nitrate tests 
demonstrably above 10 ppm (ie., those showing a colour change) indicate inputs that 
may be likely to promote eutrophication (Figure III 3). Nutrient levels in coastal
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F i g u r e  I I I  3 .  P e r c e n t a g e  o f  t o t a l  a c t i v e '  i n f l o w s  r e c o r d e d  w i t h  
n i t r a t e  l e v e l s  o f  1 0  p p m  o r  m o r e  d u r i n g  t h e  1 9 9 2 , 1 9 9 3  a n d  
1 9 9 4  C o a s t w a t c h  U K  s u r v e y s
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waters are known to be higher in winter due to less uptake by phytoplankton - nitrate 
levels up to four times greater than those recorded in summer have been recorded in 
the Channel and Southern Bight of the North Sea (Lancelot et a l ,  1987). Results 
could therefore be expected to rise later in the season.
Ill 4. Microbiological tests 
(refer to section II 3.2.2.)
The results of the microbiological tests conducted in 1992 and 1993 are presented in 
Tables III 3 and III 4. The results for 1990 and 1991 are not presented as these were 
considered as ’development years’ in which the basic techniques were established for 
use in subsequent surveys. The results are presented as the number of colonies per 
100 ml for the various organisms tested for under the different methods used each 
year. In 1992, 94 determinations were made (Appendix VIII details the sampling 
sites). Forty-one samples exceeded the Guideline levels for total coliforms of the EU 
bathing water Directive (refer to Table I 15 and section I 4.2). The Guideline level 
for E. coli was exceeded in 30 samples using the medium MAC plus MUG and in 24 
samples when using tryptone water plus MUG. The Imperative levels for E. coli 
were exceeded by 22 samples when using MAC plus MUG and by 30 samples when 
using tryptone water plus MUG. Thirty-three samples exceeded the Guideline levels 
for faecal streptococci. There are currently no Imperative levels for faecal 
streptococci.
Of the 94 determinations made, samples were taken from 19 identified bathing 
waters, although the sample was not necessarily taken from exactly the same position 
as the Environment Agency official monitoring point. Using MAC plus MUG, 10% 
of the samples which failed the Guideline levels for E. coli and 19% which exceeded 
the Imperative levels were from identified bathing waters; using tryptone water plus 
MUG, 11% of the samples exceeding the Guideline levels for E. coli were from 
identified sites (one site failed the Imperative level). Twenty-four percent of samples 
exceeding the Guideline levels for total coliforms were from identified bathing sites 
and 21% of samples exceeding the Guideline levels for faecal streptococci were from
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identified bathing sites.
The Environment Agency take on average 21 samples from each point during the 
bathing season which constitutes the 'official' monitoring programme and determines 
whether an identified bathing area meets the standards of the EU bathing water 
Directive (CEC, 1976a) whereas the present study is based on one-off samples. 
Seven of the 44 results (16%) from identified bathing waters obtained in the 1992 
Coastwatch UK results were outside the range of the 'official' results (Table III 5). 
Of these, five of the results from Coastwatch UK were above those recorded by the 
Environment Agency and two were below the 'official' results.
In 1993 samples were taken from 37 sites (Appendix VIII). Eleven samples exceeded 
the Guideline levels for total coliforms; four samples failed the Guideline levels for 
E. coli using BUG (one of which was from an identified bathing water) and two 
exceeded the E. coli Imperative levels. Thirteen samples (nine from identified bathing 
waters) exceeded the Guideline levels using MAC plus MUG and one exceeded the 
Imperative levels using this media. The sample exceeding the Imperative level was 
taken from an identified bathing water. Eighteen samples exceeded the Guideline 
levels for faecal streptococci (12 of which were from identified bathing waters). 
Twelve of the 51 results (24%) from identified bathing waters were outside the range 
of the 'official' results (Table IB 6). Of these, 11 were below the range of results 
achieved by the Environment Agency and one was above.
In 1994 less emphasis was placed on counting colony numbers and more on 
correlating the identifications made by the surveyors and the confirmatory tests 
undertaken at Famborough College of Technology. Twenty-seven samples were 
returned for confirmation of E. coli, using the method described in section II 3.2.2.
(f). Of these, ten samples were confirmed as positive and ten as negative (the same 
ratio as estimated by the surveyor groups). A further seven samples were recorded 
as positive by the surveyors but the confirmatory test in the laboratory was found to 
be negative. However, in some cases the original sample was collected and processed 
up to a week before the confirmatory test was undertaken.
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Table III 3. Number of samples with colonies in the specified ranges per 100 ml sea 
water. Results are from the 1992 survey and were calculated using the MPN method.
Number of samples with counts in the various ranges per 100 ml sea water
Medium and organism 0-100 101-
500
501-
1000
1001-
2000
>2000
MAC plus MUG 
(E. coli)
40 18 9 3 22
MAC plus MUG 
(Total coliforms)
37 17 13 7 21
Tryptone water plus MUG 
(E. coli)
32 11 11 2 30
KAA (Faecal streptococci) 63 20 2 5 6
Table IE 4. Number of samples with colonies in the specified ranges per 100 ml sea 
water. Results are from the 1993 survey and were calculated using membrane 
filtration method.
Number of samples with counts in the various ranges per 100 ml sea water
Medium and organism 0-100 101-
500
501-
1000
1001-
2000
>2000
BUG 
(E. coli)
34 4 0 0 2
MAC plus MUG 
(E. coli)
35 8 3 2 1
MLS
(coliforms)
22 14 4 7 8
S and B (Faecal streptococci) * 39 14 4 0 0
* Slantez and Bartley Broth
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Table III 5. Comparison of results obtained by Coastwatch UK and the Environment 
Agency on identified bathing waters, 1992. Coastwatch UK results were obtained by 
MPN method.
Site E.coli Total coliforms
Coastwatch UK 
M PN per 100 ml
Environm ent
Agency
Coastwatch
UK
Environm ent
Agency
M edia M edia
MAC
plus
M UG
Tryptone
w ater
plus
M UG
Range of 
results
MLS 
N um ber per 
100 ml
Range of 
results
Redcar
Coatham
210 No
results
0-680 240 0-1000
Redcar
Lifeboat
Station
460 No
results
0-2800 1110 0-2880
Redcar Stray >2400 No
results
0-906 >2400 3-4410
Lytham St 
Annes
>2400 920 10-8100 >2400 10-34000
Hemsby >2400 920 0-6500 >2400 <  10-7020
Salcombe
North
No
results
No
results
N/A 1600 9-4160
Salcombe
South
No
results
No
results
N/A 1600 6-2700
Seaton 38 21 0-270 350 1-1700
Putsborough
Beach
< 2 < 2 0-102 4 0-264
Croyde Bay 23 2 1-343 33 2-960
Saunton
Sands
7 < 2 0-665 920 2-700
Dawlish
W arren
130 110 1-1960 130 1-3780
Bournemouth
Pier
220 > 2400 0-2214 220 3-5100
Sheerness 0 0 2-80 350 1-1700
Frinton (3 
replicates)
< 2 -
130
3 4 4 6 0 0  ! <  10-740 "70-130 20-2700
Sheringham 9 17 <10-1600 350 10-5920
Ingoldmells < 2 > 2400  | 6-1500 1600 8-1700
Shaded cells indicate Coastwatch UK results out of the range of the Environment Agency 
result
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Table III 6. Comparison of results obtained by Coastwatch UK and the Environment 
Agency on identified bathing waters, 1993. Coastwatch UK results were obtained by 
membrane filtration method.
Site E.coli Total coliforms
Coastwatch UK 
M PN per 100 ml
Environm ent
Agency
Coastwatch 
UK 
Num ber per 
100 ml
Environm ent
Agency
M edia M edia
M A C +
M UG
BUG Range of 
results
MLS Range o f results
Lytham St 
Annes
0 1432 80-150,000 845 160-20,000
Saunton
Sands
0 22.5 <  10-7800 30 7-8000
Croyde Bay 7.5 105 <  10-2430 37.5 <  10-4160
Colwell Bay 0-33 10-5600 15-25 10-7000
Bude/
Sandymouth
35 3 <  1-3000 2 <  10-5400
Weymouth
Bay
0 18 10-5600 330 1-460
Eastney 0 7.5 1-390 0 <  10-770
Fleetwood 0 40-80 40-2040 1820-1860 180-15800
Brighton 0 0-160 0-7100 1260-2730 1-12100
Instow 40 620-
1980
<  10-44100 1340-2000 <  10-42600
Saltburn 65 >  1500 6-216000 > 300 18-648000
Cleethorpes 75" 100 210-
300
280-18000 30-240 1700-34500
Frinton 0 0 <9-209 1680-2120 <9-1520
Pevensey
Bay
e 0 10-2600 0-6 50-4300
New
Brighton
0 300 15-3000 15-3000 20-8100
Hemsby 75 135 <9-382 <9-382 < 9-94
Longsands/
Cullercoats
2-6 20-80 2-900 2-900 2-4500
result
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It is not necessarily, therefore, a reflection on the ability of the surveyor to take the 
sample, but highlights the inconsistencies that can occur during microbiological 
sampling. There are a number of factors that can influence the results of such tests 
including storage conditions of the membranes used in the filtration method, as well 
as temperature and light condition that the samples are kept at before analysis (refer 
to section I 4.2.1. (c) for further discussion). The results from the 1994 survey 
showed that 74% of the samples undertaken by the surveyors were in accordance with 
the confirmatory tests. The incompatibility in some of the results achieved using 
different media and methods again highlights the variability that could occur in the 
official monitoring programme (EC, 1995b; WHO, 1995). In its present format the 
EU bathing water Directive allows for the use of different methods and media. The 
results of the present study support the need for standardised sampling techniques and 
procedures to be identified and adopted, including storage conditions of the samples, 
media and membranes as identified by other recent studies (EC, 1995b; WHO, 1995).
Ill 5. Litter markers
In line with other surveys undertaken around the world (for example Caulton &  
Mocogni, 1987; Corbin & Singh, 1993; Benton, 1995) plastics were identified as the 
most frequently recorded type of litter on the coastline. Direct comparisons with other 
data sets are difficult due to the variation in categories used to identify the litter types 
and the different methods used (refer to section I 2.2 for further discussion). 
However, Tables IE 7 and III 8  compare the proportion of litter types recorded by 
two other national surveys undertaken in the UK with that of Coastwatch UK. In all 
cases plastics were the dominant litter type reported. The results from Beachwatch are 
lower than that of Coastwatch UK for all categories compared whereas, with some 
exceptions - notably metal and oil, the results from Coastwatch UK and the Keep 
Britain Tidy Group are more in line with each other.
The more insidious items such as medical and sanitary waste pose a particular health 
risk (as discussed in section I 2.1.2) and as such could be used as key indicators of 
pollution. The application of chi-square tests to the data on sanitary waste items
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Table HI 7. The composition of types of litter reported during the Keep Britain Tidy 
Group Marine Litter Research Programme, Stage 3 and Coastwatch UK, 1992-1994.
Keep Britain Tidy Group Coastwatch UK
Composition of litter 
(excluding containers)
Percentage of total 
assessment units (797)*
Percentage of total assessment 
units**
1978-1979 1992
(4370
units)
1993
(4227
units)
1994
(3684
units)
Plastics 77.8 82.7 80.6 82.4
Metal 60.7 2 1 . 8 23.7 25.0
Glass 54.1 46.1 45 42.6
Paper 50.7 67.3 6 8 . 8 68.3
Cardboard 44.0
Wood 62.7
Oil 34.2 9.3 8.4 7.3
Fishing line 26.7 54.8 58.2 57.3
Fishing net 23.6
Clinical waste 3.2 5.2 9.5 8 . 0
Items believed to be 
hazardous
4.26 1 2 .6 13.0 15.6
Sewage 7.6 28.7 32.5 32.2
and arms width. Data was collected by volunteers (Dixon & Hawksley, 1980).
**Each assessment unit represents a 0.5 Km wide stretch running from the top of the beach 
to the sea. Data recorded from either the splash zone or intertidal area.
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Table IE 8 . Comparison of composition of litter types recorded from Beachwatch 
1993 and 1994* and Coastwatch UK 1992, 1993 and 1994**. Figures are given as 
a percentage of the total amount of debris recorded.
Beachwatch Coastwatch UK
1993 1994 1995 1992 1993 1994
Plastics 52.1 54.8 53.3 82.5 82.3 85.0
Sewage-related
debris
1 1 .1 12.4 1 2 .2 28.7 45.3 32.2
Paper 5.0 4.7 8.5 67.3 6 8 .8 68.3
Wood 1 .6 1 .6 2 . 2
Polystyrene 6 .6 7.2 7.7 48.5 50.8 47.8
Glass 9.5 5.3 3.6 46.1 45.3 42.6
*Data was collected as part of a beach clean on a total of 208 Km in 1993, 204 Km in 1994 
and 193 Km in 1995 (McGilvray, 1993; Moreton, 1994; Pollard, 1996). No standard 
assessment units were used. **Data was collected from 2185 Km in 1992, 2113.5 Km in 1993 
and 1842 Km in 1994. Standard 0.5 Km assessment units were used.
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and six other selected litter categories showed that these items were extremely unlikely 
to be found alone. Where relatively inoculons forms of pollution such as household 
furnishings or landfill materials were recorded it was also highly likely that items 
posing potential health risks, such as sanitary waste, would also be present. In all 
cases there was a highly significant correlation between the items (Tables IE 9 and 
El 10).
The various litter categories were also tested to see if there was any correlation 
between the presence of items recorded on the splash zone and the intertidal area. 
Again, in all cases there was a highly significant correlation. Therefore if the various 
selected items were encountered on the intertidal area it was highly likely that they 
would also be found on the splash zone (p<  0 . 0 0 1  in all cases except medical waste 
in 1994 - p<0.05; Table IE 11; Appendix XI gives an example of the data collected 
in the 1992 survey).
Ill 6. Medical waste
The potential hazards of medical waste have been discussed in section 12.1.2. Counts 
were made for all items of medical waste reported on the coastal units surveyed 
throughout the UK between 1991 and 1995 to identify the quantities and distribution 
of such items appearing around the coastline (Tables IE 12 -16). Twelve categories 
were identified, the items appearing in the 'other' category included nasal spray, 
childs surgical belt, medical gloves, colostomy bag, sample bottle, eye drops, urine 
dipsticks for diabetics, razor, sterilising liquid, plastic tubing, needle packaging, 
oxygen bottles, a brace, false teeth, valium, pregnancy tester, serum container, 
medical mask, measuring spoons, cotton buds, vials, eye dropper, blood bag, 
pregnancy testing strip, blood lancet, pregnancy/diabetes testing strips and urine 
bottles. There was no consistency in the quantities of medical waste items recorded 
in each county. In 1993, 1994 and 1995 more items were recorded in Scotland than 
in 1991 and 1992. Northern Ireland showed an increase in 1994. The national data 
was tested using chi-square to ascertain if the distribution of the items was even or not 
between the years. Table IE 17 shows the chi-square values for each item
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Table 111 9. Correlation between selected litter items recorded on the splash zone 
around the UK during the 1992, 1993 and 1994 Coastwatch UK surveys.
1 9 9 2 1 9 9 3 1 9 9 4
Landfill materials / Sanitary items 70.483*** 84.145*** 40.718***
Household furnishings / Sanitary 
items
89.202*** 41.736*** 70.960***
Household refuse / Sanitary items 57.014*** 9 . 3 8 9 * * 10.909***
Faeces (mammal) / Sanitary items 276.937*** 107.885*** 172.358***
Medical waste / Sanitary items 60.194*** 138.346*** 189.753***
'Other' plastics / Sanitary items 323.554*** 525.091*** 370.134***
^significant at 0 .0 0 1 % level; ^^significant at 0 .0 1 % level (chi-square). “
Table HI 10. Correlation between selected litter items recorded on the intertidal 
area around the UK during the 1992, 1993 and 1994 Coastwatch UK surveys.
1 9 9 2 1 9 9 3 1 9 9 4
Landfill materials / Sanitary items 50.896*** 84.145*** 36.817***
Household furnishings / Sanitary 
items
73.249*** 41.736*** 68.987***
Household refuse / Sanitary items 32.258*** 9.389** 29.248***
Faeces (mammal) / Sanitary items 204.897*** 107.855*** 179.233***
Medical waste / Sanitary items 64.551*** 138.346*** 1 2 3 . 1 6 7 * * *
'Other' plastics / Sanitary items 464.175*** 525.091*** 110.762***
***significant at 0 .0 0 1 % level; ^^significant at 0 .0 1 % level (chi-square).
Table III 11. Correlation between selected litter items recorded on the intertidal area 
and splash zone around the UK during the 1992, 1993 and 1994 Coastwatch UK 
surveys. _____________________
I t e m 1 9 9 2 1 9 9 3 1 9 9 4
Sanitary waste 669.880*** 686.457*** 1381.467***
Faeces (mammal) 374.304*** 425.429*** 311.407***
Medical waste 61.076*** 116.522*** 2.776*
'Other' plastics 471.394*** 446.623*** 295.004***
* ^ significant at 0.001% level; ^significant at 0.05% level (chi-square).
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compared between the years 1991-1995. There was a highly significant difference 
(p <0.001 )in the numbers of each item recorded between the years 1991-1995 except 
for drip tubes and drip bags. The interim chi-square values are shown in Appendix 
XII (a) and show the values that would be expected if the distribution of the items was 
even from year to year. In 1993, 1994 and 1995 all items, except unspecified items 
in 1993, bandages, unspecified items and analgesic sprays in 1995 and inhalers and 
'other' items in 1994, were recorded in higher quantities than would be expected if 
the distribution was even from year to year.
The data was then segregated into countries - Scotland, Wales, Northern Ireland and 
England and compared within years (Tables HI 18 - 22) to ascertain if there was any 
significant difference in the distribution of each item recorded between the countries. 
In 1991, syringes and the unspecified items were the only categories to show a 
significant difference (p<  0.001) between countries. A significant difference in the 
numbers of syringes, plasters, medicine bottles, unspecified items, 'other' items 
(p <  0.001), bandages (p <  0.01) and pill packets (p <  0.05) was recorded between the 
countries in 1992. The numbers of syringes (p<0.01), plasters, medicine bottles, 
analgesic sprays, bandages and 'other' items recorded showed a significant difference 
(p<  0.001) between countries in 1993; in 1994 there was a significant difference in 
the numbers of syringes, plasters, tubes of medical cream, medicine bottles and 
bandages (p < 0.001), unspecified items (p<0.01) and 'other' items (p<0.05) 
recorded between the countries; in 1995 'other' items, syringes and drip tubes were 
recorded in significantly different (p< 0 .0 0 1 ) quantities between countries, plasters 
and bandages (p<0.01) and tubes of medical cream (p<0.05) also showed a 
significant difference. Cross reference with Tables HI 18 - 22 show which countries 
recorded the highest and lowest quantities of the various items. For example, Wales 
recorded the highest quantity of syringes in 1991 and 1993, Scotland the highest 
number in 1992 and England in 1994 and 1995 (Tables III 18-22; Appendix XII (b)). 
There does not appear to be any consistency in which country recorded the highest 
number of the various items.
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Table III 12. Items of medical waste reported during the 1991 Coastwatch UK 
survey.
Number identified
Item England 
(1466 Km)
Wales 
(246 Km)
Scotland 
(244.5 Km)
Northern
Ireland
(86.5Km)
Total 
(2043 Km)
Syringes 32 17 3 0 42
Inhalers 17 0 0 0 17
Plasters 6 0 0 0 6
Bandages 0 0 0 0 0
Tubes of 
medical cream
2 0 0 0 2
Pill packets 0 0 0 0 0
Medicine bottles 7 0 0 0 7
Analgesic spray 0 0 0 0 0
Drip bags 1 0 0 0 1
Drip tubes 1 0 0 0 1
Unspecified 180 2 2 3 9 214
Other* 23 4 0 1 28
Table III 13. Items of medical waste reported during the 1992 Coastwatch UK 
survey.
Number identified
Item England Wales Scotland Northern Total
(1357 Km) (314.5 Km) (348 Km) Ireland 
(81 Km)
(2100.5 Km)
Syringes 26 1 2 90 0 128
Inhalers 6 4 0 0 1 0
Plasters 3 1 3 0 7
Bandages 1 0 1 0 2
Tubes of medical 
cream
1 2 0 0 3
Pill packets 2 1 9 0 0 30
Medicine bottles 4 7 3 0 14
Analgesic spray 2 0 0 0 2
Drip bags 3 1 0 0 4
Drip tubes 3 0 0 0 3
Unspecified 147 51 17 1 2 227
Other* 11 19 4 0 34
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Table III 14. Items of medical waste reported during the 1993 Coastwatch UK survey
Item England 
(1424 Km)
Wales 
(273 Km)
Scotland 
(298 Km)
Northern 
Ireland 
(58.5 Km)
Total
(2053.5
Km)
Syringes 125 36 18 1 180
Inhalers 108 15 2 2 0 145
Plasters 180 6 8 16 2 266
Bandages 44 1 0 40 0 94
Tubes of medical 
cream
61 17 6 1 85
Pill packets 131 27 23 0 181
Medicine bottles 148 55 14 0 217
Analgesic spray 14 24 1 0 39
Drip bags 4 2 2 0 8
Drip tubes 8 1 0 1 1 0
Unspecified 63 4 8 2 77
Other* 155 32 8 1 196
* refer to text.
Table III 15. Items of medical waste reported during the 1994 Coastwatch UK survey
Item England 
(1218.5 Km)
Wales 
(238.5 Km)
Scotland 
(237 Km)
Northern 
Ireland 
(34 Km)
Total 
(1728 Km)
Syringes 125 7 13 1 146
Inhalers 40 2 5 1 48
Plasters 76 1 2 25 50 163
Bandages 2 2 1 15 19 57
Tubes of 
medical cream
97 4 1 7 99
Pill packets 78 9 2 0 3 1 1 0
Medicine bottles 72 15 19 2 1 127
Analgesic spray 1 2 1 0 0 13
Drip bags 5 0 0 0 5
Drip tubes 6 0 0 0 6
Unspecified 171 48 27 0 246
Other* 74 4 14 3 95
*refer to text.
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Table in 16. Items of medical waste reported during the 1995 Coastwatch UK survey
Item England 
(979 Km)
Wales 
(165 Km)
Scotland 
(235.5 Km)
Northern 
Ireland 
(35 Km)
Total
(1414.5 Km)
Syringes 126 7 9 2 144
Inhalers 61 11 7 1 80
Plasters 1 2 2 4 19 2 147
Bandages 16 8 0 0 24
Tubes of medical 
cream
35 3 7 4 49
Pill packets 58 2 9 1 70
Medicine bottles 83 7 18 3 1 1 1
Analgesic spray 4 1 1 0 6
Drip bags 7 0 2 0 9
Drip tubes 2 4 0 0 6
Unspecified 0 0 0 0 0
Other* 61 6 1 2 0 1 188
*refer to text.
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Table HI 17. Comparison of the quantities of medical waste items found on the UK
coastline during the survey periods 1991-1995. Chi-square was applied to the data to
ascertain any significant differences in distribution between the years.
Item Chi-Square
Analgesic spray 75.31***
Drip bags 10.96
Drip tubes 9.72
Syringes 107.54***
Inhalers 205.04***
Plasters 385.95***
Bandages 171.88***
Tubes of medical cream 189.49***
Pill packets 250.85***
Medicine bottles 328.84***
Unspecified 278.43***
Other 310.19***
The critical chi-square value at the 0.001% level = 20.52 (5 degrees of freedom);
* ^ significant at 0 .0 0 1 % level (chi-square).
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Table III 18. Comparison of the quantities of medical waste items found on the UK 
coastline between September 23rd and October 6 th 1991. Data was tested using chi- 
square. Values are the interim chi-square values.
Item England Wales Scotland Northern
Ireland
TOTAL
Syringes 1 18 2 2 23.05***
Plasters 1 1 1 0 2.36
Inhalers 2 2 2 1 6.69
Tubes of 
medical cream
0 0 0 0 0.79
Drip bags 0 0 0 0 0.39
Medicine
bottles
1 1 1 0 2.76
Unspecified 5 1 2 0 0 25.07***
Other 0 0 3 0 3.92
The critical chi-square value at 0.001 % level (3 degrees of freedom) = 16.27; ***significant 
at 0 .0 0 1 % level.
Table IE 19. Comparison of the quantities of medical waste items found throughout 
the UK between September 20th and October 4th 1992. Data was tested using chi- 
square. Values are the interim chi-square values.
Item England Wales Scotland Northern
Ireland
TOTAL
Syringes 39 3 1466 2 1 1528.70***
Plasters 1 0 28 1 29.29***
Inhalers 0 4 0 2 6.26
Tubes of 
medical cream
0 5 0 0 6.42
Drip tubes 1 0 0 0 1.64
Drip bags 0 0 0 1 1.15
Analgesic
sprays
0 0 0 0 1 .1 0
Bandages 0 0 11 0 11.74**
Pill packets 0 5 1 5 10.79*
Medicine
bottles
3 11 11 2 27.82***
Unspecified 0 9 8 17 33.72***
Other 5 38 6 6 54.63***
The critical chi-square value at 0.001% level (3 degrees of freedom) = 16.27; ***significant 
at 0.001% level; ^^significant at 0.01% level; ^significant at 0.05% level (chi-square).
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Table ID 20. Comparison of the quantities of medical waste items found throughout
the UK coastline between September 19th and October 3rd 1993. Values are the
interim chi-square values.
Item England Wales Scotland Northern
Ireland
TOTAL
Syringes 0 6 3 3 11.94**
Plasters 0 30 13 4 47.57***
Inhalers 1 1 0 4 5.68
Tubes of medical cream 0 3 3 1 7.03
Drip tubes 0 0 1 2 3.49
Drip bags 0 1 1 0 2.09
Analgesic sprays 4 83 3 6 96.23***
Bandages 7 0 51 3 61.00***
Pill packets 0 0 0 5 6.16
Medicine bottles 0 24 1 0 6 39.64***
Unspecified 2 4 1 0 6.45
Other 3 1 15 4 22.49***
The critical chi-square value at 0.001 % level (3 degrees of freedom) = 16.27; * ^ significant 
at 0 .0 0 1 % level; **significant at 0 .0 1 % level (chi-square).
Table III 21. Comparison of the quantities of medical waste items found throughout 
the UK coastline between September 17th and October 2nd 1994. Values are the 
interim chi-square values.
Item England Wales Scotland Northern
Ireland
TOTAL
Syringes 5 9 2 1 16.99***
Plasters 13 5 0 683 701.11***
Inhalers 1 3 0 0 4.73
Tubes of medical cream 5 8 13 11 37.39***
Drip tubes 1 1 1 0 2.51
Drip bags 1 0 0 0 2.09
Analgesic sprays 1 0 2 0 3.27
Bandages 8 6 7 285 305.83***
Pill packets 0 3 2 0 4.44
Medicine bottles 3 0 0 137 140.93***
Unspecified 0 6 1 5 12.03**
Other 1 6 0 1 7.82*
The critical chi-square value at 0.001 % level (3 degrees of freedom) = 16.27; * ^ significant 
at 0.001% level; ^significant at 0.05% level (chi-square).
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Table HI 22. Comparison of the quantities of medical waste items found throughout 
the UK between September 23rd and October 8 th 1995. Values are the interim chi- 
square values.
Item England Wales Scotland Northern
Ireland
TOTAL
Syringes 7 6 9 1 22.71***
Plasters 4 1 0 1 1 16.08**
Inhalers 1 0 3 0 4.35
Tubes of medical cream 0 1 0 6 7.90*
Drip tubes 1 16 1 0 17.82***
Drip bags 0 1 0 0 1.54
Analgesic sprays 0 0 0 0 0.28
Bandages 0 1 0 4 1 14.27**
Pill packets 2 5 1 0 7.45
Medicine bottles 0 3 0 0 3.26
Other 37 1 2 251 3 302.52***
The critical chi-square value at 0.001 % level (3 degrees of freedom) = 16.27; ***significant 
at 0.001% level; **significant at 0.01% level; ^significant at 0.05% level.
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III 7. Regional results
ITT 7.1. Comparison between all regions surveyed throughout the UK
To investigate if any differences in types and quantities of beach litter around the UK 
existed, the quantitative data collected on nine categories of litter in 1992, 1993 and 
1994 was compiled into nine regions based on those identified by the NCEAG (1994; 
Table III 23 - sites where duplicate surveys were conducted were removed: 54 Km 
in 1992, 91.5 Km in 1993 and 101 Km in 1994, accounting for the discrepancy with 
Table m  1) and the chi-square test was performed as a 'goodness o f fit' test. The 
hypothesis tested against is 'that the number o f items o f litter found in each region is 
evenly distributed' ' . In all cases there was a highly significant difference in the counts 
of litter recorded between the regions (ie, the litter items were not evenly distributed 
between the regions; Table III 24).
The interim chi-square values for each region are detailed in Appendix XIII. These 
values compare the number of each type of litter observed with the number that would 
be expected if the litter was evenly distributed throughout the regions surveyed in the 
UK. Negative values (shown in brackets) indicate that the observed result was higher 
than expected. An index of the degree of pollution of the region compared with other 
regions can be calculated from the difference between the observed and expected 
values per kilometre for each litter item (Appendix XIII). On this basis, in 1992 
Scotland was the region most heavily polluted with sanitary waste and the Channel 
Islands the least. Figures EU 4 (a-h) show regions most and least 'polluted' with each 
litter item in 1992, 1993 and 1994 calculated in this way. Negative values indicate 
the observed values were lower than would be expected if the litter was evenly 
distributed between regions and thus the region shown on the Figure with the negative 
value was the 'cleanest' in that year. Thus, the larger the negative value the less 
'polluted' the region was considered to be whereas the larger the positive value the 
more polluted the area compared to the expected value - the region shown on the 
Figure with the largest positive value is therefore the most polluted with that item in 
that year. With three exceptions (potentially hazardous containers in 1992; sanitary 
waste in 1993 and plastic packing straps in 1994), the Channel Islands were
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Table HI 23. Length of coastline surveyed (Km) in each region 1992-1994.
Region Km surveyed 
1992
Km surveyed 
1993
Km surveyed 
1994
England North East 76.5 109.5 95.5
East 203.5 198.5 151.5
South East 413 446.5 410.5
South West 489 501.5 397
North West 175 168 164
Wales 314.5 273 238.5
Scotland 348 298 237
Northern Ireland 81 58.5 34
Channel Islands 30.5 26.5 13
TOTAL 2131 2080 1741
Table in  24. Comparison of the quantities of litter recorded in each region in 1992, 
1993 and 1994. Values given are the overall chi-square values calculated between the 
nine Coastwatch UK regions (refer to Table IE 23) for nine litter items.
Item 1992 1993 1994
Sanitary items 31681*** 424986*** 61591***
Medical waste 567*** 527*** 1251***
Potentially hazardous containers 1326*** 170*** 593***
Drinks cans 3318*** 246655*** 3176***
Glass items Not counted 9034*** 1632***
Plastic can holders Not counted 424*** Not counted
Paper drinks containers Not counted 24624*** 3282***
Plastic packing straps Not counted 433*** 2314***
Plastic drinks bottles Not counted 19521*** 2653***
W^significant at 0.0Û1 level; Critical Xz value = 26.12 at 0.001 level. 
Degrees of freedom = 8 .
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consistently recorded as the least polluted area in each year of survey and for each 
litter item. No one area could be identified as being overall the most polluted - 
although the North West of England and Scotland appeared as the most heavily 
polluted in more categories than any other regions.
Figure HI 4 (a) for example, refers to sanitary waste - in 1992 Scotland was the 
region most heavily polluted with sanitary items whereas the Channel Islands was the 
'least' ; in 1993 the North West of England was the most polluted with sanitary items, 
Wales the least, and in 1994 the North West of England was once again the most 
polluted and the Channel Islands the least polluted with such items.
Ill 7.2. Comparison of litter recorded in the South East of England, East of 
England and Grampian region of Scotland
Three regions were selected for further investigation and comparison - the South East 
of England (consisting of Hampshire, Isle of Wight, East/West Sussex, Kent and 
Essex), the East of England (consisting of Suffolk, Norfolk and Lincolnshire) and the 
Grampian region of Scotland (consisting of Moray, Banff and Buchan, Aberdeen City 
and Kincardine and Deeside). The rationale for choosing the East of England and the 
South East of England regions was based on their initiatives undertaken to promote 
CZM (refer to section I 5.3) as identified by the NCEAG (1994). As yet there is no 
such publication for Scotland. Beach litter management initiatives in Scotland have 
been identified by the Ash Consultancy Group (1994). Table HI 25 shows the number 
of sites surveyed in each region 1992 - 1994.
Figure III 4. Regions showing the highest and lowest levels of contamination 
with specified litter items. Negative values show the 'least polluted' regions 
and positive values indicate the most polluted' region with that item.
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HI 7.2. (a) South East region of England
The chi-square test was applied to the counts of various litter items to ascertain 
whether the litter was evenly distributed between the years. In the South East of 
England (Table m  26) a significant difference (p<  0.001) was noted between the 
quantities of litter observed and the quantities expected had the litter been evenly 
distributed between the years. The observed and expected values are shown to give 
an indication of how the results compared with the null hypothesis that 'no significant 
difference in the distribution o f the items was recorded each year', ie, that the litter 
was evenly distributed between years. Sanitary items, for example, were recorded in 
far fewer numbers than expected in 1992 in the South East but in greater numbers 
than expected in 1993 and 1994.
Fifteen sites in the South East of England were surveyed in all three years - 1992, 
1993 and 1994 - by the same surveyor. A significant difference (p<0.01; matched 
t-test) was recorded in the numbers of paper drinks containers found between 1993 
and 1994 but no significant difference in the quantities of any other items was 
recorded in the three survey periods (Table IE 27).
Unmatched t-tests were conducted on counts of the various litter items recorded in the 
sites surveyed in the South East region of England in 1992, 1993 and/or 1994 (Table 
El 28). Paper drinks containers were recorded in significantly different quantities 
between 1992 and 1994 (p<  0.001) and 1993 and 1994 (p< 0.001) and medical waste 
showed a significant difference in quantity between 1992 and 1993 (p<0.01).
212
Table IE 25. Number of sites and kilometres surveyed in the South East of England, 
East of England and Grampian region of Scotland, 1992-1994.
Region
1992 1993 1994
Kilometres Number 
of sites 
surveyed
Kilometres Number 
of sites 
surveyed
Kilometres Number 
of sites 
surveyed
South East 
of
England
413 94 446.5 92 410.5 107
East of 
England
203.5 38 198.5 37 151.5 27
Grampian 
region of 
Scotland
82 2 1 55 19 92 2 1
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Table III 26. Comparison of the counts of litter items in the South East region of 
England between 1992, 1993 and 1994. The expected values are those that would be 
recorded if the same quantities of litter per kilometre surveyed was found from year 
to year.
1992 1993 1994 TOTAL
Km surveyed 413 446.5 410.5 1270
Paper drinks 
containers
Observed value 8584 13132 1835 23551
Expected value 7659 8280 7612 23551
Chi-square 112 2843 4383 7340***
Packing straps Observed value 1213 1772 1174 4159
Expected value 1352 1462 1344 4159
Chi-square 14 66 2 2 102***
Medical waste Observed value 421 159 156 736
Expected value 239 254 238 736
Chi-square 738 38 28 205***
Sanitary items Observed value 431 4583 2468 7482
Expected value 2433 2630 2418 7482
Chi-square 1647 1449 1 3098***
Potentially
hazardous
containers
Observed value 1 1 0 2 291 197 1590
Expected value 517 559 514 1590
Chi-square 662 128 195 986***
Cans Observed value 6960 7927 7679 22566
Expected value 7338 7934 7294 22566
Chi-square 20 0 20
Plastic bottles Observed value 8662 8735 8783 26180
Expected value 8514 9204 8462 26180
Chi-square 3 24 12 jp***
Critical chi-square = 13.82 at 0.001% level; * ^ significant at 0.001% level (chi-square).
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Table HI 27. Comparison of counts of selected litter items recorded on 15 sites 
surveyed in the South East region of England, 1992, 1993 and 1994. Each site was 
surveyed by the same volunteer group in all three years.
Item 1992 vs 1993 1993 vs 1994 1992 vs 1994
t P t P t P
Potentially
hazardous
containers
1.03 0.32 1.30 0 . 2 2 1 . 6 8 0 . 1 2
Paper drinks 
containers
0.75 0.46 3.08 0.0081** 1.45 0.17
Sanitary items -0.97 0.35 -0.43 0.67 -1.58 0.14
Medical waste -1.33 0 . 2 1 1.29 0 . 2 2 -1.27 0 . 2 2
Drinks cans -0.83 0.42 -1.48 0.16 -1.89 0.089
Packing straps 0.61 0.55 -0.85 0.41 -0.57 0.58
Plastic bottles -1 .1 1 0.29 -0.58 0.57 -1.44 0.17
Glass Not counted 1.75 0 . 1 0 Not counted
^significant at 0 . 0 1  level (matched t-test).
Table III 28. Comparison of counts of selected litter items recorded on all sites 
surveyed in the South East region of England, 1992, 1993 and/or 1994.
Item 1992 vs 1993 1993 vs 1994 1992 vs 1994
t P t P t P
Packing straps -0.76 0.45 -0.57 0.57 -0.81 0.42
Potentially
hazardous
containers
-0.58 0.56 0.41 0 .6 8 -0.85 0.40
Paper drinks 
containers
-0.89 0.37 3.65 0.0004*** 4.90 0 .0 0 ***
Sanitary items -0.63 0 .1 1 1.32 0.19 -1 .2 2 0.23
Medical waste -2.71 0.0081** -0 .2 1 0.83 -1.48 0.15
Drinks cans 0.23 0.82 0.15 0 . 8 8 0.33 0.75
Plastic bottles -0.94 0.35 -0 . 1 0 0.92 0.75 0.45
Glass Not counted Not counted 1.79 0.076
^significant at 0 .0 1  level; ***sigmficant at 0 .0 0 1  level (unmatched t-test).
Ill 7.2. (b) East region of England
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In the East region of England there was a highly significant (p < 0.001) difference in 
the distribution of specified litter items recorded between the years 1992-1994 (Table 
III 29). Drinks cans were the only item to be recorded in higher than expected 
numbers in 1992. Sanitary items, potentially hazardous containers and plastic drinks 
bottles were all found in quantities greater than expected in 1993. In 1994 potentially 
hazardous containers were the only item to be recorded in numbers higher than 
expected.
Matched t-tests were conducted on thirteen sites in the East region of England for 
which data had been collected in each year of survey - 1992, 1993 and 1994 - each 
site being surveyed by the same volunteer group each year. Packing straps were 
recorded in significantly different quantities between 1993 and 1994 (p <  0.05); counts 
of paper drinks containers were significantly different between 1993 and 1994 
(p<0.01) and between 1992 and 1994 (p<0.05); as were drinks cans between 1992 
and 1994 (p<0.01) (Table HI 30).
Unmatched t-tests were conducted on sites in the East region of England for which 
data was collected in 1992, 1993 and/or 1994. No significant difference was found 
in the quantity of any of the litter items recorded on these sites between the years of 
survey (Table III 31).
HI 7.2. (c) Grampian region of Scotland
In the Grampian region of Scotland there was a highly significant (p<  0.001) 
difference in the quantities of the specified litter recorded between the years 1992- 
1994. Table HI 32 shows the number of items expected if the distribution was even 
from year to year together with the observed values. In 1992 all items were recorded 
in quantities less than expected. In 1993 potentially hazardous containers were 
recorded in numbers higher than expected and in 1994 all the specified items were 
recorded in quantities higher than expected indicating an overall deterioration since 
1992.
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Unmatched t-test were conducted on sites in Grampian for which data had been 
collected in 1992, 1993 and/or 1994 (Table HI 33; Appendix I). A significant 
difference in the quantity of paper drinks containers was recorded between 1993 and 
1994 (p <0.05) and in the quantity of medical waste recorded between 1992 and 1994 
(p<0.05) (Table HI 33).
Matched t-tests were conducted on data from six sites in the Grampian region which 
had been surveyed in 1992, 1993 and 1994. Each site was surveyed by the same 
volunteer group in each year of survey. No significant difference was recorded in the 
amounts of litter reported on the sites in the years of survey (Table III 34).
HI 7.2. (d) Inter-regional comparisons
The same data was then compared between regions, using unmatched t-tests, to 
ascertain any differences between the quantities of litter in regions with different 
levels of coastal management policies. Table HI 35 shows the results of comparing 
data between the South East region and the East region of England for each year 
(1992-1994). The only significant difference in the quantities of litter recorded in the 
two regions related to potentially hazardous containers in 1993 (p<0.05).
Comparison of the sites surveyed in the South East region of England with those 
surveyed in the Grampian region of Scotland showed a significant difference in the 
quantities of potentially hazardous containers (p<0.05), packing straps (p<  0.001), 
sanitary items (p<0.05) and plastic drinks bottles (p<0.05) in 1992; potentially 
hazardous containers (p<0.05), packing straps (p< 0.001), plastic drinks bottles 
(p <  0.001) and glass (p <  0.001) in 1993, and in 1994 sanitary items (p <  0.05), drinks 
cans (p < 0 .0 1 ) and paper drinks containers (p <  0 .0 0 1 ) were recorded in significantly 
different quantities in the two regions (Table HI 36 and Figure IH 5 a-c).
The quantities of litter recorded on sites surveyed in the East region of England and 
Grampian region of Scotland are compared in Table HI 37. In 1992 potentially 
hazardous containers and plastic packing straps were recorded in significantly
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Table HI 29. Comparison of counts of selected litter items recorded in the East region
of England in 1992, 1993 and 1994.
1992 1993 1994 TOTAL
Km surveyed Km surveyed 203.5 198.5 151.5 553.5
Paper drinks 
containers
Observed
value
3710 6280 1 0 2 1 1 1 0 1 1
Expected
value
4048 3949 3014 1 1 0 1 1
Chi-square 28 7376 1318 2 7 2 2 ***
Packing straps Observed
value
578 625 1071 2274
Expected
value
836 816 622 2274
Chi-square 80 45 323 44j***
Medical waste Observed
value
3710 94 96 275
Expected
value
4048 99 95 275
Chi-square 28 0 6 8 *
Sanitary items Observed
value
879 2474 840 4193
Expected
value
1542 1504 1148 4193
Chi-square 28J 626 82 9P3***
Potentially
hazardous
containers
Observed
value
94 158 138 390
Expected
value
143 140 107 390
Chi-square 17 2 9 2 9 ***
Drinks cans Observed
value
3793 2442 1909 8144
Expected
value
2994 2921 2229 8144
Chi-square 213 78 46 j j 8 ***
Plastic bottles 
(drinks)
Observed
value
3626 5534 3044 12204
Expected
value
4487 4377 3340 12204
Chi-square 165 306 26 49S***
Critical chi-square = 13.82 at 0.001% level; 5.99 at 0.05% level. * ^ significant at 0.001% 
level; ^significant at 0.05% level (chi-square).
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Table III 30. Comparison of counts of selected litter items recorded on 13 sites in the 
East region of England in 1992, 1993 and 1994. 'p' gives the level of significance.
Item 1992 vs 1993 1993 vs 1994 1992 vs 1994
t P t P t P
Packing straps 0.27 0.79 2.76 0.017* 1.77 0 . 1 0
Potentially hazardous 
containers
-1.65 0.13 0.71 0.49 -0.67 0.52
Paper drinks containers 0.05 0.96 3.08 0.0096** 2.87 0.014*
Sanitary items -1.46 0.17 1 .6 6 0 . 1 2 -1.46 0.17
Medical waste -1.71 0 .1 1 0.17 0.87 -1 .2 1 0.25
Drinks cans 1.43 0.18 0 . 6 8 0.51 3.57 0.0038**
Plastic bottles (drinks) -0.82 0.43 -0.08 0.94 -0.93 0.37
Glass Not counted 2.13 0.057 Not counted
^^significant at 0.01 level; ^significant at 0.5 level (matched t-test).
Table E l 31. Comparison of counts of selected litter items recorded on sites in the 
East region of England surveyed in 1992, 1993 and/or 1994. Unmatched t-tests were 
applied to the data, 'p ' gives the level of significance.
Item 1992 vs 1993 1993 vs 1994 1992 vs 1994
t P t P t P
Packing straps -1.06 0.30 -0.87 0.40 -1 .1 1 0.29
Potentially hazardous containers -1.24 0.23 -0.63 0.54 -1.46 0.17
Paper drinks containers -0 .8 8 0.39 1.14 0.27 0.83 0.41
Sanitary items -1.04 0.31 1.52 0.14 0.99 0.33
Medical waste -1 .1 1 0.28 0.67 0.51 -0.57 0.57
Drinks cans -0.55 0.58 0.09 0.93 -0.34 0.73
Plastic bottles (drinks) -1.34 0.19 0.84 0.41 -0.70 0.49
Glass Not counted 0.75 0.46 Not counted
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Table III 32. Comparison of the counts of selected litter items recorded on sites
surveyed in the Grampian region of Scotland in 1992, 1993 and/or 1994.
Item 1992 1993 1994 TOTAL
Km surveyed Km surveyed 133 76 18.5 227.5
Paper drinks 
containers
Observed value 1323 2560 2 2 0 0 6083
Expected value 3556 2032 495 6083
Chi-square 1402 137 6879 7 4 7 9 ***
Packing straps Observed value 1387 2198 1614 5199
Expected value 3039 1737 423 5199
Chi-square 898 722 3366 4377***
Medical waste Observed value 276 152 59 487
Expected value 285 163 40 487
Chi-square 0 1 1 0 1 0 **
Sanitary items Observed value 709 650 1088 2447
Expected value 1431 817 199 2447
Chi square 364 34 3972 4370***
Potentially
hazardous
containers
Observed value 77 1166 223 1466
Expected value 857 490 119 1466
Chi square 710 934 90 1734***
Drinks cans Observed value 2155 1849 1832 5836
Expected value 5753 3287 800 9840
Chi square 2250 629 31692 34572***
Plastic bottles 
(drinks)
Observed value 2521 2349 2709 7579
Expected value 4431 2532 616 7579
Chi square 823 13 7106 7942***
3.82 at 0.001% level; 9.21 at 0.01% level. ***significant at 0.001%Critical chi-square =
level (chi-square); ^significant at 0 .0 1 % level.
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Table IE 33. Comparison of the quantities of selected litter items recorded on sites in
the Grampian region of Scotland surveyed in 1992, 1993 and/or 1994.
Item 1992 vs 1993 1993 vs 1994 1992 vs 1994
t P t P t P
Packing straps -1 .1 2 0.28 0.76 0.46 -1.56 0.13
Potentially hazardous 
containers
-0.19 0.85 -1.83 0.084 -1.89 0.075
Paper drinks 
containers
0.38 0.71 2.53 0.024* 2.09 0.052
Sanitary items 1.03 0.31 -1.32 0 . 2 0 2.09 0.052
Medical waste -1.46 0.16 -0.76 0.45 -2 .2 1 0.038*
Drinks cans -1.42 0.17 1.23 0.23 -0.23 0.82
Plastic bottles -1.46 0.17 0.83 0.42 -1.39 0.17
Glass Not counted 0.60 0.55 Not counted
^significant at 0.05% level (unmatched t-test).
Table El 34. Comparison of counts of selected litter items recorded on six sites in 
the Grampian region of Scotland surveyed in 1992, 1993 and 1994. Matched t-tests 
were applied to the data, 'p* gives the level of significance.
Item 1992 vs 1993 1993 vs 1994 1992 vs 1994
t P t P t P
Packing straps 0 .1 1 0.92 0.74 0.49 1.5 0.19
Potentially hazardous 
containers
0 . 1 2 0.9 0 1 .0 0.13 0.90
Paper drinks 
containers
0.70 0.521 2 . 0 2 0.099 -2.27 0.072
Sanitary items 0.52 0.63 -0.85 0.43 0 .0 1 0.99
Medical waste -0.70 0.52 -1.15 0.30 -1.75 0.14
Drinks cans -0.34 0.75 0.75 0.49 0.05 0.96
Plastic bottles 0.49 0.65 -0.32 0.76 0.03 0.98
Glass Not counted 1.32 0.26 Not counted
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Table HI 35. Comparison of the counts of litter items recorded in the South East and
East regions of England on sites surveyed in 1992, 1993 and/or 1994.
Item 1992 1993 1994
t P t P t P
Potentially hazardous 
containers
-0.78 0.44 -2 . 1 2 0.04P -1.05 0.30
Packing straps 0.19 0.85 0.51 0.61 -0.26 0.80
Paper drinks 
containers
0.60 0.55 -0.25 0.80 -0.72 0.48
Sanitary items -1 .8 6 0.071 0.56 0.58 1.46 0.15
Medical waste -1.41 0.17 -0.09 0.93 0.38 0.71
Drinks cans 0.82 0.41 0.67 0.5 -0.77 0.45
Plastic bottles 
(drinks)
0.74 0.46 -1.47 0.15 -0.53 0.60
Glass Not counted -1.71 0.095 -1.03 0.31
♦significant at 0.5% level (unmatched t-tests).
Table III 36. Comparison of the quantities of litter items recorded in the South East 
region of England and Grampian region of Scotland on sites surveyed in 1992, 1993 
and/or 1994.
Item 1992 1993 1994
t P t P t P
Potentially hazardous 
containers
-3.73 o .o w -3.37 0.045^ 1.87 0.065
Packing straps 5.13 o . o ^ 4.0 O.OOOl^ 1.71 0.094
Paper drinks 
containers
1.73 0.088 -0.15 0 . 8 8 -4.04 0 .0 0 0 7 ^
Sanitary items -2.45 0.028* 0.94 0.35 2.48 0.016^
Medical waste -1.34 0 . 2 0 -1.46 0.16 0.09 0.93
Drinks cans 0.06 0.96 0.55 0.59 2.58 0.015^
Plastic bottles 
(drinks)
2.53 0.013^ 5.91 o.oow 1.97 0.054
Glass Not counted 3.72 0 .0 0 0 3 ^ -0.23 0.82
♦significant at 0.5% level; ♦♦significant at 0.1% level; ♦♦♦significant at 0.001% level 
(unmatched t-tests).
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Table III 37. Comparison of the quantities of litter items recorded in the East region of
England and Grampian region of Scotland on sites surveyed in 1992, 1993 and/or 1994.
Item 1992 1993 1994
t P t P t P
Potentially hazardous 
containers
-3.68 0 .0 0 2 ** 3.29 0.0041** 1.43 0.18
Packing straps 2.23 0.037* -3.30 0.0053** -3.57 0 .0 0 2 2 **
Paper drinks 
containers
0.84 0.41 0.48 0.63 -1.08 0.029*
Sanitary items -1 .1 2 0.27 -0.41 0.69 1.42 0.18
Medical waste -1.27 0 . 2 2 -0.85 0.40 -0.50 0.62
Drinks cans -0.37 0.71 0.57 0.58 1.83 0.092
Plastic bottles 
(drinks)
1 .6 8 0 .1 1 2.23 0.039* 1.83 0.092
Glass Not counted 3.72 0.0003*** 1.06 0.31
^significant at 0 .5 % level; ^significant at 0 .0 1 % level; ***significant at 0 .0 0 1 % level 
(unmatched t-test).
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(p<0.01, p< 0.05  respectively) different quantities in the two regions. In 1993 a 
significant difference was recorded in the quantities of potentially hazardous containers 
(p<0.01), packing straps (p < 0.001), plastic drinks bottles (p<0.05) and glass 
(p <  0.001); and in 1994 packing straps and paper items were recorded in significantly 
different quantities (p<0.01 and p< 0 .05  respectively) (Figure HI 6  a-c).
Ill 8. County results
Three counties were selected for further comparison from within the regions 
investigated in section HI 7.2 - these were Hampshire (South East England), Norfolk 
(East England) and the Moray District (Grampian region of Scotland). The results for 
each were compared between years to establish if there were any significant 
differences in the quantities of litter recorded over the survey periods. Unmatched t- 
tests were considered the most appropriate statistical test to compare the counties since 
there were an uneven number of sites in each year. Matched t-tests were applied to 
the data from those sites in each county which had been surveyed in all three years.
I l l  8. (a) Hampshire
Table IE 38 shows the results of comparing the quantity of litter recorded on 13 sites 
surveyed in Hampshire in 1992, 1993 and/or 1994. There was no significant 
difference in the amounts of litter recorded in this county over the three survey 
periods.
Matched t-tests were conducted on five sites surveyed in Hampshire in 1992, 1993 
and 1994 - Barton on Sea, Southsea, Hayling West, Langstone Harbour and Lepe 
(Table HI 39). No significant difference was recorded in the amounts of litter 
recorded in the specified categories over the three survey periods.
F i g u r e  I I I  6 .  C o m p a r i s o n  o f  l i t t e r  r e c o r d e d  i n  t h e  E a s t  o f  E n g l a n d  a n d  t h e
G r a m p i a n  r e g i o n  o f  S c o t l a n d  ( a )  1 9 9 2 ,  ( b )  1 9 9 3  a n d  ( c )  1 9 9 4 .  O n l y
t h o s e  i t e m s  s h o w i n g  a  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  r e g i o n s  a r e  d i s p l a y e d .
F i g u r e  I I I  6  ( a ) .  1 9 9 2 .
i ......................................................................................
52 _ □  East|  ,5  . -
□  Grampian
o 1
5 5 I ......... . !
P r\ 1 . . .! 1 1 — 1 :
5  u i-------——- --------------------------- ------------------ ' '
^  Potentially Packing Straps 
3  Hazardous 
s  Containers
F i g u r e  I I I  6 ( b ) .  1 9 9 3 .
■o
□  East 
0 Grampian
z  Potentially Packing Straps Plastic Bottles Glass
re Hazardous
2  Containers
F i g u r e  I I I  6 ( c ) .  1 9 9 2 .
-o
D Grampian
Packing Straps Paper Drinks
Containers
I l l  8. (b) Norfolk
226
The results of comparing the quantity of litter recorded on 20 sites surveyed in 
Norfolk in 1992, 1993 and/or 1994 are shown in Table III 40. No significant 
difference was recorded in the amounts of litter recorded from the specified categories 
over the survey period.
Six sites were surveyed in Norfolk in 1992, 1993 and 1994 - Sheringham, East/West 
Runton, Overstrand/Cromer, Ostend/Bacton, Marl Point and Caister/Califomia. There 
was a significant difference in the quantity of paper drinks containers recorded over 
the period 1993 and 1994 (p<  0.05, matched t-test; Table HI 41), the highest numbers 
of paper drinks containers being recorded in 1993 in Sheringham (294 items), 
Ostend/Bacton (330 items) and Caister/Califomia (128 items) (Figure IE 7). A 
significant difference was also recorded in the numbers of drinks cans between 1992 
and 1994 (p<0.05, matched t-test; Table IE 41), a higher number being recorded in 
1992 particularly in Sheringham and Caister/Califomia (Figure IE 7). The quantity 
of glass recorded showed a significant difference between 1993 and 1994 (p<0.05, 
matched t-test; Table IE 41), a higher number of items being recorded in 1993 
particularly in Sheringham and Ostend/Bacton (Figure IE 7).
HI 8. (c) Moray District
Table IE 42 shows the results of applying un-matched t-tests to the data collected on 
sites surveyed in the Moray District in 1992, 1993 and/or 1994. No significant 
difference in the amounts of litter items recorded was detected over the survey period.
Four sites - Spey Bay, Lossiemouth East, Culbin and Kingston - were surveyed in 
1992, 1993 and 1994 in the Moray District. No significant difference was recorded 
in the quantity of any of the litter items over the survey period (Table IE 43).
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Table III 38. Comparison of the quantities of selected litter items recorded on 13 sites 
in Hampshire surveyed in 1992, 1993 and/or 1994. Unmatched t-tests were applied 
to the data, ’p ’ shows the level of significance.
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Packing straps -0.82 0.42 0.58 0.57 -0.04 0.97
Potentially hazardous 
containers
-0.46 0.65 -0.70 0.49 -1 .2 2 0.25
Paper drinks containers 0 .2 1 0.84 1.14 0.27 1 .2 1 0.24
Sanitary items 0.85 0.40 -1.50 0.17 -0.90 0.39
Medical waste -1.56 0.14 1.23 0.24 -0.74 0.47
Drinks cans -0 . 0 2 0.98 -1 .1 2 0.29 -1.13 0.28
Plastic bottles (drinks) -0.84 0.41 -0.96 0.36 -1.30 0.23
Glass Not counted -0 .1 1 0.92 Not counted
Table IE 39. Comparison of the quantities of selected litter items recorded on five 
sites surveyed in Hampshire in 1992, 1993 and 1994. Matched t-tests were applied 
to the data, 'p' shows the level of significance.
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Packing straps -0.64 0.56 -0.44 0.69 -0.58 0.59
Potentially hazardous 
containers
-0.79 0.47 -0.41 0.70 0.93 0.41
Paper drinks 
containers
-1.99 0 . 1 2 1.16 0.31 -1.99 0 . 1 2
Sanitary items 1 .0 0 0.37 -1.52 0 . 2 0 -1 .0 2 0.37
Medical waste -1 .0 0.37 0.87 0.43 0.41 0.70
Drinks cans -1.29 0.27 -0.84 0.45 -1.14 0.32
Plastic bottles (drinks) -0.62 0.57 -0.32 0.77 -0.62 0.57
Glass Not counted 2.37 0.077 Not counted
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Table HI 40. Comparison of the quantities of selected litter items recorded on 20 sites
in Norfolk surveyed in 1992, 1993 and/or 1994. Unmatched t-tests were applied to
the data, 'p' gives the level of significance.
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Paper drinks 
containers
-0.62 0.55 -0.24 0.82 -0.45 0 . 6 6
Potentially hazardous 
containers
-1.38 0.81 -1.17 0.27 -1.82 0 . 1 0
Packing straps -0.36 0.72 -0.90 0.40 -0.96 0.36
Sanitary items -0.57 0.58 0.93 0.37 -0.57 0.58
Medical waste -0.90 0.38 0.17 0 . 8 6 0.60 0.56
Drinks cans -0.16 0 . 8 8 -0.30 0.77 -0.38 0.71
Plastic bottles (drinks) -0 .0 2 0.98 -0.61 0.56 -0.53 0.60
Glass Not counted -0.60 0.56 Not counted
Table IE 41. Comparison of the quantity of selected litter items recorded from six 
sites in Norfolk surveyed in 1992, 1993 and 1994.
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Paper drinks 
containers
-0.41 0.70 2.78 0.039* 2 . 0 0 . 1 0
Potentially hazardous 
containers
-0.18 0 . 8 6 -0.44 0 .6 8 -0.65 0.54
Packing straps 0.49 0.65 -0.96 0.38 -0.17 0.87
Sanitary items -1 .2 0 0.28 1.50 0.19 0 . 6 6 0.54
Medical waste -0.30 0.78 -0.28 0.79 -0.65 0.54
Drinks cans 1.75 0.14 -0.16 0 .8 8 3.46 0.018*
Plastic bottles (drinks) -0.40 0.70 -0.29 0.78 -0.76 0.48
Glass Not counted 2.98 0.031* Not counted
^significant at 0.05 level (matched t-test).
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Table III 42. Comparison of the quantity of litter items recorded on sites surveyed in 
the Moray District in 1992, 1993 and/or 1994. Unmatched t-tests were applied to the 
data, 'p ' gives the level of significance.
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Packing straps 1 .2 0 0.26 0.58 0.57 1.58 0.57
Potentially 
hazardous containers
-0.24 0.81 0.91 0.39 0.91 0.38
Paper drinks 
containers
1.44 0.19 1.48 0.18 1.78 0 .1 1
Sanitary items 1.19 0.26 -0.51 0.62 0.64 0.53
Medical waste -0.60 0.56 -0 .1 1 0.91 -0.69 0.51
Drinks cans -0.25 0.81 0.39 0.71 0.17 0.87
Plastic bottles 
(drinks)
0.08 0.94 0 . 0 1 .0 0.08 0.94
Table IE 43. Comparison of the quantity of litter items recorded on four sites 
surveyed in the Moray District in 1992, 1993 and 1994. Matched t-tests were applied 
to the data, 'p' gives the level of significance.
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Packing straps 1.35 0.24 -0.98 0.40 0.14 0.90
Potentially hazardous 
containers
0 . 0 1 .0 0.63 0.57 0.27 0.81
Paper drinks containers 1 .0 2 0.38 1.63 0 . 2 0 1.90 0.15
Sanitary items -0.18 0.87 -1.13 0.34 -1.17 0.33
Medical waste 1.73 0.18 -0.14 0.90 -0.74 0.51
Drinks cans -0.08 0.94 0.42 0.70 0.16 0 . 8 8
Plastic bottles (drinks) 0 .8 6 0.45 -0.18 0.87 0.76 0.50
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III 8. (d) Inter-county comparisons
The counties were compared with each other using unmatched t-tests to investigate 
any differences in quantities of litter recorded in the three years, 1992, 1993 and 
1994. Table HI 44 shows the results of applying un-matched t-tests to the data 
collected in Norfolk and Hampshire in the three years of survey. In 1993 a significant 
(p < 0.05) difference was recorded in the numbers of potentially hazardous containers, 
the number of glass items found (p<0.05) and the number of plastic drinks bottles 
found (p < 0.05) in the two counties - the greater numbers all recorded in Norfolk. In 
1992 and 1994 no significant difference was found between these two counties.
In 1993 a significant difference was recorded in the numbers of paper drinks 
containers found in Norfolk and the Moray District and in the number of packing 
straps recorded (p<0.05; p < 0.001 respectively) (Table HI 45). In both cases more 
items were recorded in Norfolk.
The only item to record a significant difference in quantity between Hampshire and 
the Moray District was plastic packing straps - more items occurring in Hampshire 
and the difference becoming greater each year (p < 0.05 in 1993 and p < 0.01 in 1994) 
(Table HI 46).
I l l  8. (e) Comparison between neighbouring counties
Results so far have indicated that the distribution of litter changed from year to year 
in the regions investigated (Tables III 26, IH 29 and III 32). To investigate whether 
this would be affected by the size of the area investigated four counties (from two 
regions) were then investigated to see whether distribution was even from year to year 
in a smaller geographical area. Chi-square tests were applied to the data and tested 
the hypothesis that the number of litter items found is evenly distributed between the 
years. In line with the results of the regions there was a highly significant difference 
between the years - the distribution of litter changed from year to year (Tables HI 47- 
50). Neighbouring counties were also selected and compared. Unmatched t-tests were
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Table III 44. Comparison of the quantity of selected litter items recorded on sites
surveyed in Hampshire and sites surveyed in Norfolk in 1992, 1993 and/or 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks containers -0.48 0.63 -1.56 0.13 -0.49 0.63
Potentially hazardous 
containers
-1.30 0 .2 1 -2.44 0 .0 2 2 * -1.93 0.069
Packing straps -1.24 0.23 -1.63 0 .1 1 -1.26 0.23
Sanitary items -2.36 0.029 -1 .8 6 0.079 -2.03 0.056
Medical waste -1.26 0 . 2 2 -0.85 0.40 -1.43 0.17
Drinks cans -1.18 0.25 -1.46 0.15 -0.14 0.89
Plastic bottles (drinks) 1.47 0.15 -2.52 0.018* -0.93 0.36
Glass Not counted -2.64 0.017* -0.93 0.37
^significant at 0.05% level (unmatched t-test).
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Table HI 45. Comparison of the quantity of selected litter items recorded on sites
surveyed in Norfolk and the Moray District in 1992, 1993 and/or 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks containers 0.58 0.58 -2.74 0 .0 1 2 * -1.30 0 .2 1
Potentially hazardous 
containers
0.75 0.47 -0 .1 1 0.92 -2.04 0.054
Packing straps -1 .8 6 0.076 -3.96 0.0008*** -1 .6 8 0 .1 1
Sanitary items -0.83 0.42 -1.18 0.25 0.47 0.65
Medical waste -0.92 0.37 -1.19 0.25 -1 .2 0 0.24
Drinks cans 0.45 0.65 0.76 0.47 0.29 0.78
Plastic bottles (drinks) -0.50 0.62 -0 .8 6 0.40 -1.16 0.26
^significant at 0.05% level; ***significant at 0.00 % level (unmatched t-test).
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Table III 46. Comparison of the quantity of selected litter items recorded on sites
surveyed in Hampshire and the Moray District in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks containers 0.79 0.45 -1.41 0.17 -0.08 0.93
Potentially hazardous 
containers
1.49 0.17 1.17 0.29 -0.41 0.69
Packing straps -1 .2 2 0.24 -2.48 0.025* -2.93 0 .0 1 **
Sanitary items 1.71 0 . 1 2 1.08 0.32 1 .0 1 0.34
Medical waste 0.83 0.43 -0.41 0.69 1.15 0.28
Drinks cans 1.49 0.17 1.31 0.24 0.50 0.63
Plastic bottles (drinks) 1.38 0.19 1 .1 2 0.30 -0.33 0.75
^significant at 0.05 level; ^^significant at 0.01 level (unmatched t-test).
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Table III 47. Investigation into the distribution of litter in Hampshire between the
years of survey. 'Expected' values are the quantities of litter expected if the same
amounts were recorded from year to year.
1992 1993 1994 TOTAL
Km surveyed 98.5 75.5 85.5 259.5
Plastic
bottles
(drinks)
Observed
value
1147 604 1347 3098
Expected
value
1176 901 1 0 2 1 3098
Chi square 1 92 104 205***
Drinks cans Observed
value
1030 648 1089 2767
Expected
value
1050 805 912 2767
Chi square 0 31 34 6 6 ***
Medical
waste
Observed
value
7 17 1 0 34
Expected
value
13 1 0 11 34
Chi square 3 5 0 5*
Potentially
hazardous
containers
Observed
value
17 19 39 75
Expected
value
28 2 2 25 75
Chi square 5 0 8 75**
Glass items Observed
value
Not
counted
131 227 358
Expected
value
168 190 358
Chi square 8 7 jj***
Sanitary
items
Observed
value
39 28 63 130
Expected
value
49 38 43 130
Chi square 2 3 9 2
*** significant at 0 .0 1 % level (chi-square).
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Table III 48. Investigation into the distribution of litter in Sussex between the years
of survey. 'Expected values are the quantities of litter expected if the same amounts
were recorded from year to year.
1992 1993 1994 TOTAL
Km surveyed 114.5 125 1 2 2 361.5
Plastic
bottles
(drinks)
Observed
value
2482 2652 1828 6962
Expected
value
2205 2407 2350 6962
Chi square 35 25 116
Drinks cans Observed
value
1696 2652 1893 6241
Expected
value
1977 2158 2106 6241
Chi square 40 113 -21.54 0
Medical
waste
Observed
value
13 61 36 1 1 0
Expected
value
35 38 37 1 1 0
Chi square 14 14 0 28***
Potentially
hazardous
containers
Observed
value
65 49 61 175
Expected
value
59 61 55 175
Chi square 2 2 0 4
Glass items Observed
value
Not
counted
471 162 633
Expected
value
320 313 633
Chi square 71 73 7 4 3 ***
Sanitary
waste
Observed
value
161 482 176 819
Expected
value
276 283 259 819
Chi square 37 140 36 275***
^significant at 0 .0 1 % level (chi-square).
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Table III 49. Investigation into the distribution of litter in Suffolk between the years
of survey. ’Expected' values are the quantities of litter expected if the same amounts
were recorded from year to year.
1992 1993 1994 TOTAL
Km Surveyed 30 47.5 35.5 113
Plastic bottles 
(drinks)
Observed
value
792 1953 699 3444
Expected
value
1082 1448 914 3444
Chi square 16 176 136 328***
Drinks cans Observed
value
707 592 298 1597
Expected
value
502 671 424 1597
Chi square 189 9 83 287***
Medical waste Observed
value
1 2 33 4 49
Expected
value
13 2 1 15 49
Chi square 0 7 8 £
Potentially
hazardous
containers
Observed
value
14 29 15 58
Expected
value
15 24 18 58
Chi square 0 1 1 2
Glass items Observed
value
Not
counted
308 62 370
Expected
value
2 1 2 158 370
Chi square 44 59 702***
Sanitary waste Observed
value
188 784 71 1043
Expected
value
277 438 328 1043
Chi square 29 272 201 302***
* ^ significant at 0 .0 1 % level (chi-square).
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Table in 50. Investigation into the distribution of litter in the sites surveyed in
Norfolk during the years of survey. 'Expected' values are the quantities of litter
expected if the same amounts were recorded from year to year.
1992 1993 1994 TOTAL
Km surveyed 30 47.5 35.5 113
Plastic
bottles
(drinks)
Observed
value
1981 2387 1891 6259
Expected
value
2589 2139 1531 6259
Chi square 143 29 34 256***
Drinks
cans
Observed
value
1799 1 2 0 2 1188 4189
Expected
value
1733 1432 1025 4189
Chi square 3 37 26
Medical
waste
Observed
value
33 41 54 128
Expected
value
53 44 31 128
Chi square 8 0 16 24***
Potentially
hazardous
containers
Observed
value
47 82 104 233
Expected
value
96 80 57 233
Chi square 25 0 39 ^4***
Glass items Observed
value
Not
counted
689 487 1168
Expected
value
681 487 1168
Chi square 0 0 0
Sanitary
items
Observed
value
601 863 248 1712
Expected
value
708 585 419 1712
Chi square 16 132 70 273***
* ^ significant at 0 .0 1 % level (chi-square).
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applied to the data to see if there were any differences in quantities of litter between 
adjacent counties. Hampshire and Sussex, and Norfolk and Suffolk were selected for 
comparison (Tables III 51 and III 52). There was no significant difference in the 
quantities of litter found in Norfolk and Suffolk in any of the years of survey (Table 
III 51) and only four cases in which a significant difference was recorded between 
Hampshire and Sussex (Table HI 52). For all four counties a significant difference had 
been recorded in the distribution of the litter from year to year (Tables III 47 - III 
50). This further confirms the observations made concerning distribution and 
quantities of litter - the distribution of litter is found to change from year to year 
whereas the quantities remain largely similar, regardless of the size of the area under 
investigation.
Ill 9. Site results
Six sites were selected - two from each of the counties/districts investigated in section 
HI 8  - for which data had been collected over the period 1992, 1993 and 1994. In 
each county a beach adjacent to an identified bathing area and a beach adjacent to a 
non-identified bathing area was chosen for further comparisons. Identified bathing 
areas are waters which have been identified as areas where 'bathing water is found"  
(CEC, 1976a). 'Bathing water' is identified as waters in which 'bathing is explicitly 
authorized by the competent authorities o f each Member State or bathing is not 
prohibited and is traditionally practised by a large number o f bathers' (CEC, 1976a). 
These areas are subject to the requirements of the EU bathing water Directive 
(76/160/EEC; CEC, 1976a) and therefore by law require a certain degree of 
management concerning water quality. These areas are often referred to as 
'designated' bathing waters, despite no specification in the Directive for Member 
States to designate such waters. An identified bathing water does not extend to the 
beach area but, for the purposes of this thesis, beaches described as 'identified' 
beaches refer to those beaches adjacent to waters identified by the UK government as 
'bathing waters' and thus subject to the requirements of the EU bathing water 
Directive - Southsea, Sheringham and Lossiemouth East. In terms of litter 
management, all beaches to which the public have access are required to be kept clear
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Table HI 51. Comparison of the quantities of litter recorded in the years of survey 
between the sites surveyed in Norfolk and Suffolk. Unmatched t-tests were applied 
to the data, 'p' gives the level of significance.
Item 1992 1993 1994
t P t P t P
Paper drinks containers -0.97 0.35 -0.46 0.065 1.03 0.33
Potentially hazardous containers 0.05 0.96 -0 .1 1 0.92 1.85 0.097
Packing straps 0.41 0.69 0 . 1 0 0.93 0.81 0.44
Sanitary items 0.23 0.82 0.32 0.76 -0.05 0.96
Medical waste 0.04 0.97 1.13 0.28 0.53 0.61
Drinks cans 0.51 0.62 0.03 0.98 1.04 0.33
Plastic bottles (drinks) 0.94 0.36 -0.73 0.49 1.36 0 .2 1
Glass Not counted -0.08 0.93 1.45 0.18
Table HI 52. Comparison of the quantities of litter recorded in the years of survey 
between the sites surveyed in Hampshire and Sussex, 'p' gives the level of 
significance.
Item 1992 1993 1994
t P t P t P
Paper drinks containers -1.59 0 . 1 2 -1.29 0 .2 1 1.31 0 .2 1
Potentially hazardous containers -1.53 0.14 -1 .0 0.32 2.31 0.033*
Packing straps -1.89 0.074 -0.46 0.65 1.37 0.19
Sanitary items -2.16 0.039* -2.24 0.036* -0.52 0.61
Medical waste -0.64 0.53 -0 . 6 8 0.50 -1 .2 0 0.25
Drinks cans -1.50 0.14 -1.96 0.059 -0 .2 1 0.83
Plastic bottles (drinks) -2.37 0.024* -1.69 0 . 1 0 0.95 0.35
Glass Not counted -0 . 6 6 0.52 1.09 0.29
*p<0.05 (unmatched t-test).
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of litter and refuse, so far as is practicable, under the Environmental Protection Act, 
1990 (Part IV, Section 89(1)). Under the Code of Practice issued under Section 89(7) 
of this legislation the standards of cleanliness are set out. Local authorities are 
encouraged to identify 'Category 5 Zone' areas which are beaches in their ownership 
or control that are designated as 'amenity beaches'. These identified areas are required 
to be kept 'generally clear o f all types o f litter and refuse between May and September 
inclusive' (HMSO, 1990b). Amenity beaches are not necessarily adjacent to identified 
bathing waters. It may reasonably be expected that local authorities should ensure that 
beaches adjacent to identified waters which the public are told are 'safe' to swim in 
are also free from potential health hazards.
The rationale for choosing the sites selected for this component of the study was to 
ascertain whether:
(a) Those sites which are officially identified as bathing areas are significantly cleaner 
than non-identified bathing areas in terms of the litter found. A comparison was 
therefore undertaken between the identified bathing area and non-identified bathing 
area within the county. In addition, a comparison of litter amounts between the survey 
years for each site was undertaken;
and (b) if there was any significant differences in the amounts of litter recorded 
between:
(i) identified bathing areas and non-identified bathing areas in different counties;
(ii) identified bathing areas in different counties;
(iii) non-identified bathing areas in different counties - the rationale being that any 
differences identified in (i) or (ii) may be attributed to the differing levels of coastal 
management in place.
The results of this section are therefore in three parts.
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III 9.1. Comparison within sites between years 
III 9.1.1. Hampshire
Within Hampshire the sites chosen for comparison were Southsea (an EU identified 
bathing area) and Barton on Sea (Plate n i l ) .  Matched t-tests were conducted on data 
from each site to test the hypothesis that there was no significant difference in the 
amounts o f various litter items found in each site in 1992, 1993 and 1994.
I l l  9.1.1. (a) Barton on Sea
With only one exception, no significant difference was recorded in the amounts of 
litter of the specified categories over the survey period. Paper drinks containers were 
recorded in significantly higher numbers on Barton on Sea in 1993 compared with 
1994 (p < 0.001) (Table HI 53).
I l l  9.1.1. (b) Southsea
Medical waste, paper drinks containers and potentially hazardous containers were the 
only litter items to be recorded in quantities which showed no significant difference 
over the study period. A significantly higher number of plastic drinks bottles 
(p<0.05) and glass items (p<0.05) were recorded in Southsea in 1993 compared 
with 1994. Sanitary items were recorded in significantly higher quantities in 1994 
compared with 1993 (p<0.05) and in 1994 compared with 1992 (p<0.05); packing 
straps in significantly higher quantities in 1994 compared with 1992 (p<0.01), and 
in 1993 and 1994 drinks cans were in significantly higher numbers than in 1992 
(p <  0.001; p <  0.05 respectively). Plastic bottles were found in significantly different 
quantities each year of sampling (Table III 54).
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III 9.1.2. Norfolk
Sheringham (an identified bathing area) and East/West Runton (a non-identified 
bathing area) (Plate HI 2) were selected from this county for further investigation.
I l l  9.1.2. (a) Sheringham
A significantly higher number of paper drinks containers were recorded in 1993 
compared with 1994 (p<0.05) and in 1992 compared with 1994 (p<0.05). Packing 
straps were found in significantly different quantities each year of sampling (1992 and 
1993, p< 0.01; 1993 and 1994, p<0.05). In 1994 fewer sanitary items were 
recorded than in both 1993 and 1992 (p< 0.05 in both cases). A significantly higher 
number of drinks cans were reported in 1992 in comparison with 1993 (p<0.01). 
Glass items were recorded in higher quantities in 1993 compared with 1994 
(p<0.01). Plastic bottles were found in significantly different quantities each year - 
the highest number being recorded in 1994 (Table m  55).
I l l  9.1.2. (b) East/West Runton
Paper drinks containers were recorded in significantly higher quantities in 1993 
compared with both 1994 (p<0.05) and 1992 (p<0.05) on East/West Runton. A 
significant difference was found in the number of drinks cans recorded in 1992 
compared with 1994 (p<0.01) and 1993 (p<0.05) (Table HI 56).
Ill 9.1.3. Moray District
Lossiemouth East (an identified bathing area) and Burghead Bay (non-identified site) 
(Plate III 3) were selected for comparison from this district. There was a significant 
difference in the quantity of plastic drinks bottles recorded between 1992 and 1993 
(p<0.01) on Burghead Bay (Table EH 57). No significant difference was recorded in 
the amounts of litter in any of the survey periods on Lossiemouth East (Table III 58).
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Plate III 1. Maps showing sampling block at Barton on Sea and Southsea. The start
and finish of the blocks are indicated.
Barton on Sea - OS map reference SZ 218931-271919
- ' ,  2
v*• v.’T - ^  \*»«
Ftin: • .
Southsea - OS map reference SZ 635988-679989
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Table III 53. Comparison of the quantity of selected litter items recorded at Barton
on Sea in 1992, 1993 and 1994.
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Paper drinks containers -1 .0 0 0.34 9.0 0 .0 *** 1 .0 0.34
Potentially hazardous containers No items recorded
Packing straps 1 .0 0.34 No items 
recorded 
1993/1994
1 .0 0.34
Sanitary items No items recorded
Medical waste No items recorded
Drinks cans 1 .2 0 0.26 1.77 0 .1 1 1.81 0 . 1 0
Plastic bottles (drinks) -0.46 0 . 6 6 1.77 0 .1 1 1.81 0 . 1 0
Glass Not counted No items 
recorded
Not counted
* ^ significant at 0 .0 0 1  level (matched t-test).
Table III 54. Comparison of quantity of litter items found at Southsea in 1992, 1993 
and 1994.
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Paper drinks containers -0.45 0 . 6 6 1.84 0.099 1.78 0 .1 1
Potentially hazardous 
containers
-1 .0 0.34 0 . 0 1 .0 -1 .0 0.34
Packing straps -1.92 0.087 -1 .0 1 0.34 -4.29 0 .0 0 2 **
Sanitary items 0 1 .0 -2.36 0.043* -2.58 0.03*
Medical waste -0.84 0.42 1.41 0.19 1.50 0.17
Drinks cans -4.83 0.0009*** -0.25 0.81 -3.13 0 .0 1 2 *
Plastic bottles (drinks) -3.61 0.0057** 2.90 0.018* -2 . 8 8 0.018*
Glass Not counted 2.47 0.035* Not counted
^significant at 0.5% level; ^significant at 0.1% level; significant at 0.001% level (matched 
t-test).
Plate III 2. Maps showing sampling block at East/West Runton and Sheringham. The
start and finish of the blocks are indicated.
,, SHem&GMAM
xnat*
East/West Runton - OS map reference TG 206427-156436
f « A  v' - h  , ;Q:
* L
; L J ' ...
Sheringham - OS map reference TG 156436-103439
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Table III 55. Comparison of the quantity of selected litter items recorded at
Sheringham in 1992, 1993 and 1994.
1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Paper drinks 
containers
-1.19 0.26 2.27 0.049* 2.79 0.021*
Potentially hazardous 
containers
1.0 0.34 -2.06 0.070 -1.66 0.13
Packing straps 3.43 0.0075** 2.27 0.049* 2.79 0.021*
Sanitary items 0.61 0.56 2.27 0.049* 2.79 0.021*
Medical waste -1.50 0.17 1.0 0.34 -1.0 0.34
Drinks cans 3.72 0.0048** -1.83 0.10 0.96 0.36
Plastic bottles 
(drinks)
2.69 0.025* -3.71 0.0049** -2.60 0.029*
Glass Not counted 3.47 0.007** Not counted
^significant at 0.05% level; ^^significant at 0.01% level (matched t-test).
Table HI 56. Comparison of the quantity of selected litter items recorded at East/West 
Runton in 1992, 1993 and 1994.
1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Paper drinks 
containers
-2.58 0.032* 2.53 0.035* -1.0 0.35
Potentially hazardous 
containers
-1.08 0.31 1.01 0.34 0.24 0.81
Packing straps 1.67 0.13 1.46 0.18 -0.32 0.76
Sanitary items 0.15 0.88 0.88 0.41 1.67 0.13
Medical waste -1.51 0.17 -0.43 0.68 -2.0 0.08
Drinks cans 2.49 0.037* 0.49 0.63 3.78 0.0055**
Plastic bottles 
(drinks)
-0.16 0.88 0.20 0.85 0.17 0.087
Glass Not counted 1.93 0.090 Not counted
^significant at 0.05% level; ^significant at 0.01% level (matched t-test).
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Table III 57. Comparison of the quantity of selected litter items recorded at Burghead
Bay in 1992, 1993 and 1994. _______________________ ______
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Paper drinks containers -1.44 0.19 0.71 0.50 -1.15 0.28
Potentially hazardous 
containers
-0.56 0.59 -0.084 0.42 -1.62 0.14
Packing straps -1.44 0.19 0.71 0.50 -1.15 0.28
Sanitary items 0.53 0.61 -1.03 0.33 -1.03 0.33
Medical waste -0.43 0.68 1.0 0.34 1.0 0.34
Drinks cans 0.43 0.68 -1.77 0.11 -1.46 0.18
Plastic bottles (drinks) 3.28 0.0096** 1.0 0.34 -0.07 0.95
Glass Not counted -0.56 0.59 Not counted
* ""significant at 0.01% level (matched t-test).
Table III 58. Comparison of the quantity of selected litter items recorded at 
Lossiemouth East in 1992, 1993 and 1994. 'p' gives the level of significance (matched 
t-test).
Item 1992 vs 1993 1993 vs 1994 1994 vs 1992
t P t P t P
Paper drinks containers No items recorded 
1992/1993
-1.0 0.42 -1.0 0.34
Potentially hazardous 
containers
No items recorded
Packing straps No items recorded
Sanitary items All values identical. 
Differences between 
the means = 1.
-1.0 0.42 -0.7 0.56
Medical waste No items recorded -1.0 0.42 2.0 0.18
Drinks cans 1.51 0.27 0.39 0.73 2.03 0.18
Plastic bottles (drinks) 1.44 0.29 -1.0 0.42 0.79 0.51
Glass Not counted -2.0 0.18 Not counted
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III 9.2. Comparison of identified bathing areas with non-identified areas within 
the same county
The chosen identified bathing area was compared, using un-matched t-tests, with the 
non-identified bathing area within the same county. In most cases it was found that 
where a significant difference was recorded between the sites more items were 
recorded on the identified bathing area compared with the non-identified bathing area. 
Significantly more paper drinks containers in 1992 (p <0.05) and drinks cans in 1993 
(p<0.05) were recorded on Southsea compared with Barton on Sea (Table III 59). 
Packing straps were recorded in significantly greater quantities on Sheringham in 1992 
and 1993 than East/West Runton (p<0.01, p<0.05  respectively). Drinks cans were 
also recorded in significantly higher numbers on Sheringham in 1992 (p<0.01) and 
1994 (p<0.01) as were plastic drinks bottles (1992, p<0.01; 1994, p<0.01) (Table 
III 60). Plastic drinks bottles were recorded in significantly higher numbers on 
Burghead Bay in 1992 (p<0.01) and 1994 (p<0.01) compared with Lossiemouth 
East (Table III 61). The nature of the items recorded in higher numbers on the 
identified bathing areas suggests that the items have originated from visitors, although 
this is not confirmed. The quantities of other items recorded such as sanitary waste, 
potentially hazardous containers and medical waste did not show any significant 
difference between the identified bathing area and the non-identified area, suggesting 
that items in these categories may have originated from different sources to that of 
visitors.
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Plate III 3. Maps showing sampling block at Burghead Bay and Lossiemouth East.
The start and finish of the blocks are indicated.
Skamie. aURGHEAD
!
Burghead Bay - OS map reference NJ 111671-674674
Lossiemouth East - OS map reference NJ 254696-223768
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Table HI 59. Comparison of the quantity of selected litter items recorded on Southsea
and Barton on Sea in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
2.36 0.043* 2.10 0.065 All values identical
Potentially hazardous 
containers
All values identical. 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 0
Packing straps 0.63 0.54 All values identical. 
Difference between 
the means = 3.6
All values identical. 
Difference between 
the means = 2.3
Sanitary items All values identical. 
Difference between 
the means = 0.3
All values identical. 
Difference between 
the means = 0.3
All values identical. 
Difference between 
the means = 0.2
Medical waste All values identical. 
Difference between 
the means = 0.2
All values identical. 
Difference between 
the means = 0.6
All values identical. 
Difference between 
the means = 0
Drinks cans -1.68 0.13 2.52 0.022* All values identical. 
Difference between 
the means = 6.2
Plastic bottles 
(drinks)
All values identical. 
Difference between 
the means = 1.1
1.69 0.11 All values identical. 
Difference between 
the means = 1.2
^significant at 0.05% level (unmatched t-test).
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Table III 60. Comparison of the quantity of selected litter items recorded on
Sheringham and East/West Runton in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
All values identical. 
Difference between 
the means = 13.2
-1.59 0.14 -1.62 0.14
Potentially hazardous 
containers
0.78 0.45 All values identical. 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 1 .6
Packing straps -4.28 0 .0 0 2 1 ** -3.09 0.013* -1.56 0.15
Sanitary items 0.90 0.38 0.65 0.53 0.34 0.74
Medical waste All values identical. 
Difference between 
the means = 0
0 .1 1 0.91 1 .2 0 0.25
Drinks cans -3.34 0.0066** -0.64 0.53 -2 .2 1 0.054**
Plastic bottles 
(drinks)
-3.0 0 .0 1 ** -0 .1 1 0.91 -3.77 0.0037**
* ^ significant at 0.01 level; ^significant at 0.5 level (unmatched t-test).
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Table III 61. Comparison of the quantity of selected litter items recorded on
Lossiemouth East and Burghead Bay in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
All values identical. 
Difference between 
the means = 0 . 6
All values identical. 
Difference between 
the means = 1.5
All values identical. 
Difference between 
the means = 0.7
Potentially hazardous 
containers
All values identical. 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 0 .1
All values identical. 
Difference between 
the means = 0 .1
Packing straps All values identical. 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 0.3
All values identical. 
Difference between 
the means = 0 .1
Sanitary items All values identical. 
Difference between 
the means = 0 . 2
All values identical. 
Difference between 
the means = 0 . 2
-0.98 0.35
Medical waste All values identical. 
Difference between 
the means = 0 .1
All values identical. 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 0
Drinks cans 2.63 0 . 1 2 0.70 0.56 -1.05 0.32
Plastic bottles 
(drinks)
-3.19 0.003** All values identical. 
Difference between 
the means = 1.3
-3.89 0.003**
^ s^ignificant at 0.01 level (unmatched t-test).
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III 9.3. Identified bathing areas compared with non-identified bathing areas 
between counties
Table ID 62 shows the results of applying un-matched t-tests to the data collected on 
Southsea and East/West Runton. Paper drinks containers were recorded in 
significantly higher numbers on Southsea compared with East/West Runton in 1992 
and 1994 (p<0.01). Significantly more packing straps were recorded in East/West 
Runton compared with Southsea in 1992 (p<0.01) but more on Southsea in 1994 
(p<0.05). Sanitary items were recorded in significantly higher quantities on 
East/West Runton in 1992 (p<0.05) as were drinks cans (p< 0.001). Table 111 63 
shows significantly more sanitary items (p<0.05) and drinks cans (p<0.05) were 
recorded on Burghead Bay compared with Southsea in 1992 and more plastic drinks 
bottles in 1994 (p<0.01).
Paper drinks containers were recorded in significantly higher numbers on Sheringham 
in 1992 (p<0.01) and 1993 (p<0.05) compared with Barton on Sea. Plastic bottles 
(p<0.05 in 1992) and drinks cans (p<  0.001 in 1992) were also found in higher 
numbers on Sheringham (Table HI 64). Sheringham recorded significantly higher 
numbers of paper drinks containers (p < 0 .0 1 ), packing straps (p<  0 .0 0 1 ) and drinks 
cans (p<0.01) in 1992 and more plastic drinks bottles in 1994 compared with 
Burghead Bay (p<0.01) (Table m  65). Plastic drinks bottles were the only item to 
show a significant difference between Lossiemouth East and Barton on Sea in 1992 
and 1994 (p<0.01) (Table HI 6 6 ). Paper drinks containers were found in higher 
numbers in East/West Runton compared with Lossiemouth East in 1993. Otherwise 
no significant differences were recorded between these sites (Table III 67).
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Table III 62. Comparison of the quantity of selected litter items recorded at Southsea
and East/West Runton in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
All values identical. 
Difference between 
the means = 1 0 .8
-0.48 0.64 -3.40 0.0079**
Potentially hazardous 
containers
All values identical. 
Difference between 
the means = 0.4
1.41 0.19 All values identical. 
Difference between 
the means = 0 .1
Packing straps 3.331 0.0091** -1.65 0.13 -2.71 0.018*
Sanitary items 2.57 0.033* 1.29 0.23 -1.09 0.29
Medical waste All values identical. 
Difference between 
the means = 0 . 2
-1.35 0 .2 1 All values identical. 
Difference between 
the means = 0
Drinks cans 5.13 0.0009*** -1 .1 1 0.29 -2.14 0.052
Plastic bottles 
(drinks)
All values identical. 
Difference between 
the means = 0 . 6
-0.34 0.74 -1.56 0.16
(unmatched t-test).
Table III 63. Comparison of the quantity of selected litter items recorded at Southsea 
and Burghead Bay in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
-2.06 0.070 -1.70 0 . 1 2 0 . 1 2 0.090
Potentially hazardous 
containers
All values identical. 
Difference between 
the means = 0 . 2
0.93 0.37 1.74 0 .1 1
Packing straps 0 . 0 1 .0 -1.19 0.26 -0.73 0.48
Sanitary items 2 . 2 2 0.045* 1.14 0.28 1 .0 1 0.34
Medical waste -0.60 0.56 -0.85 0.41 All values identical. 
Difference between 
the means = 0
Drinks cans 3.11 0.013* -1.04 0.31 0.89 0.39
Plastic bottles 
(drinks)
All values identical. 
Difference between 
the means = 15.2
-1.58 0.13 3.96 0.0034**
^significant at 0.05% level; ** significant at 0.01% level (unmatched t-test).
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Table HI 64. Comparison of the quantity of selected litter items recorded at
Sheringham and Barton on Sea in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P
Paper drinks 
containers
3.67 0.0052** 2.39 0.040* All values identical
Potentially hazardous 
containers
All values identical. 
Difference between 
the means = 0 . 2
All values identical. 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 1 .6
Packing straps 4.72 0 .0 0 0 1 1 *** All values identical. 
Difference between 
the means = 3.3
All values identical. 
Difference between 
the means = 4.0
Sanitary items All values identical. 
Difference between 
the means = 2 . 2
All values identical. 
Difference between 
the means = 1 .6
All values identical. 
Difference between 
the means = 0.7
Medical waste All values identical. 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 0 . 2
All values identical. 
Difference between 
the means = 0 .1
Drinks cans 4.45 0.0008*** 1.65 0 . 1 2 All values identical. 
Difference between 
the means = 13.7
Plastic bottles 
(drinks)
2.31 0.046* 2.05 0.056 All values identical. 
Difference between 
the means =48.8
evel (unmatched
t-test).
Table III 65. Comparison of the quantity of selected litter items recorded at 
Sheringham and Burghead Bay in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
3.29 0.0095** -2 .2 1 0.055 0.41 0.69
Potentially hazardous 
containers
0 . 0 1 .0 All values identical. 
Difference between 
the means = 0.4
-0.92 0.37
Packing straps -4.85 0.0009*** -1.90 0.075 -1 .0 0.33
Sanitary items -0.97 0.35 -0.72 0.48 1.04 0.33
Medical waste All values identical. 
Difference between 
the means = 0 .1
0 . 0 1 .0 All values identical. 
Difference between 
the means = 0 .1
Drinks cans -4.16 0.0016** -0.58 0.57 -0.54 0.60
Plastic bottles 
(drinks)
-0.25 0.81 -1.97 0.071 -2.85 0.017**
^significant at 0 .0 1 % level; * ^ significant at 0 .0 0 1 % level (unmatched t-test).
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Table III 66. Comparison of the quantity of selected litter items recorded at
Lossiemouth East and Barton on Sea in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
All values identical. 
Difference between 
the means = 0
All values identical 
Difference between 
the means = 0
All values identical 
Difference between 
the means = 0
Potentially hazardous 
containers
All values identical 
Difference between 
the means = 0
All values identical 
Difference between 
the means = 0
All values identical 
Difference between 
the means = 0
Packing straps All values identical 
Difference between 
the means = 0
All values identical 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 0
Sanitary items All values identical. 
Difference between 
the means = 0.3
All values identical. 
Difference between 
the means = 0
All values identical. 
Difference between 
the means = 0
Medical waste All values identical. 
Difference between 
the means = 0.3
All values identical. 
Difference between 
the means = 0
-1.37 0 . 2 0
Drinks cans 2.96 0.098 All values identical. 
Difference between 
the means = 2 .1
-1.42 0.19
Plastic bottles 
(drinks)
-3.62 0.0056** All values identical. 
Difference between 
the means = 0.5
4.27 0 .0 0 2 1 **
^^significant at 0 .0 1  % level (unmatched t-test).
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Table IE 67. Comparison of the quantity of selected litter items recorded at
Lossiemouth East and East/West Runton in 1992, 1993 and 1994. 'p' gives the level
of significance (unmatched t-test).
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
All values identical. 
Difference between 
the means = 0
All values identical 
Difference in means 
= 56
0.63 0.59
Potentially 
hazardous containers
All values identical 
Difference between 
the means = 0.3
All values identical 
Difference between 
the means = 0.3
All values identical 
Difference between 
the means =  0
Packing straps All values identical. 
Difference between 
the means = 0.3
All values identical 
Difference between 
the means = 0 .1
All values identical 
Difference between 
the means = 0.7
Sanitary items All values identical. 
Difference between 
the means = 0.5
All values identical 
Difference between 
the means = 2.7
0.69 0.56
Medical waste All values identical 
Difference between 
the means = 0
All values identical 
Difference between 
the means = 0 .1
0 . 0 1 .0
Drinks cans 2 .2 1 0.16 0.73 0.54 1.52 0.27
Plastic bottles 
(drinks)
-0 . 1 2 0.91 All values identical 
Difference between 
the means = 4.6
-1.48 0.17
Ill 9.4. Comparison of identified bathing areas between counties
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In all cases where a significant difference was recorded, higher numbers of litter items 
were recorded on Sheringham than the site it was compared against. Table III 6 8  
shows the results of applying unmatched t-tests to the litter items recorded on 
Southsea and Sheringham. Packing straps, sanitary items and drinks cans were 
recorded in significantly higher numbers on Sheringham compared with Southsea in 
1992 (p < 0.001; p<0.01; p < 0.001 respectively). In 1994 plastic drinks bottles were 
recorded in significantly higher quantities on Sheringham (p<0.01) (Table III 6 8 ).
Paper drinks containers were recorded in significantly higher numbers on Southsea 
in 1994 compared with Lossiemouth East (p<0.05) (Table III 69). There was no 
significant difference in the quantity of any of the other items recorded between the 
two sites in any of the years of survey. Plastic drinks bottles were recorded in 
significantly higher numbers on Sheringham in 1992 and 1994 (p < 0.01 in both cases) 
compared with Lossiemouth East. A mean difference of 16.9 paper drinks containers 
was recorded between the two sites in 1993 - significantly more items recorded in 
Sheringham (Table ID 70).
ITT 9.5. Comparison of non-identifled bathing areas in different counties
A comparison of Barton on Sea with East/West Runton showed that drinks cans and 
plastic drinks bottles in 1992 were the only item to be recorded in significantly 
different quantities between the sites (p <  0.05, unmatched t-test) (Table III 71) - more 
items occurring on Barton on Sea.
Burghead Bay was compared with East/West Runton (Table III 72). Packing straps 
were recorded in significantly higher quantities on East/West Runton in 1992 
(p<0.01) and there was a significant difference (p<0.05, unmatched t-test) in the 
quantity of plastic bottles at the two sites in 1992. Paper drinks containers showed a 
significant difference (p < 0.05) between the sites in 1994 - more items being recorded 
on Burghead Bay. There was no significant difference between any of the other litter
260
Table III 68. Comparison of the quantity of selected litter items recorded at Southsea
and Sheringham in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
-0.48 0.64 -1.26 0.23 0.32 0.76
Potentially
hazardous
containers
All values identical 
Difference between the 
means = 0 . 2
All values 
identical 
Difference 
between the means 
= 0
-1.91 0.088
Packing straps -4.85 0.0009*** 0.14 0.89 0.610 0.55
Sanitary items -2.19 0.053** -1.54 0.16 1.27 0 . 2 2
Medical waste All values identical 
Difference between the 
means = 0 . 2
0.89 0.39 All values identical 
Difference between 
the means = 0 .1
Drinks cans -5.63 0.0003*** 0.43 0.67 -1.30 0 . 2 2
Plastic bottles 
(drinks)
All values identical 
Difference between the 
means = 16.3
0.55 0.59 -4.27 0 .0 0 2 1 **
s^ignificant at 0.05% level; ^^ significant at 0.01% level; ***significant at 0.001% level
(unmatched t-test).
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Table HI 69. Comparison of the quantity of selected litter items recorded at Southsea
and Lossiemouth East in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
All values identical. 
Difference between 
means = 0.43
All values identical 
Difference between 
means = 0.27
-2.75 0 .0 2 1 *
Potentially 
hazardous containers
All values identical 
Difference between 
means = 0
All values identical 
Difference between 
means = 0
All values identical 
Difference between 
means = 0
Packing straps All values identical 
Difference between 
means = 0
All values identical 
Difference between 
means = 0 .1 2
All values identical 
Difference between 
means = 19
Sanitary items All values identical 
Difference between 
means = 2
All values identical 
Difference between 
means = 3
0.45 0.69
Medical waste All values identical 
Difference between 
means = 0 .1
All values identical 
Difference between 
means = 0 . 2
All values identical 
Difference between 
means = 0 .1
Drinks cans 3.25 0.083 0.29 0.80 -0.28 0.79
Plastic bottles 
(drinks)
All values identical 
Difference between 
means = 0.9
All values identical 
Difference between 
means = 0 .1
0.18 0.87
* significant at 0.05% level (unmatched t-test).
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Table III 70. Comparison of the quantity of selected litter items recorded on
Sheringham and Lossiemouth in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
All values 
identical. 
Difference between 
the means = 1 .6
All values identical 
Difference between 
the means = 16.9
-1.36 0 . 2 0
Potentially 
hazardous containers
All values identical 
Difference between 
the means = 0
All values identical 
Difference between 
the means = 0
All values 
identical 
Difference 
between the 
means = 0.4
Packing straps All values identical 
Difference between 
the means = 0.18
All values identical 
Difference between 
the means = 0 . 1 2
All values 
identical 
Difference 
between the 
means =2 . 9
Sanitary items All values identical 
Difference between 
the means = 0 . 2
All values identical 
Difference between 
the means = 1 .0
0.77 0.52
Medical waste All values identical 
Difference between 
the means = 0
All values identical 
Difference between 
the means = 0 .1
0.67 0.57
Drinks cans 0.46 0 .6 8 0.44 0.70 -1.42 0.19
Glass Not counted All values identical 
Difference between 
the means = 0.7
1 .1 1 0.38
Plastic bottles 
(drinks)
-3.62 0.0056** All values identical 
Difference between 
the means = 0.5
-4.27 0 .0 0 2 1 **
^^significant at 0 .0 1 % level (unmatched t-test).
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Table HI 71. Comparison of the quantity of selected litter items recorded on Barton
on Sea and East/West Runton in 1992, 1993 and 1994. 'p' gives the level of
significance. ______
Item 1992 1993 1994
t P t P
Paper drinks 
containers
All values identical 
Difference between 
the means = 0
-2.24 0.052 All values identical 
Difference between 
the means = 0 .1
Potentially 
hazardous containers
All values identical 
Difference between 
the means = 0.4
All values identical 
Difference between 
the means = 1 .2
All values identical 
Difference between 
the means = 0.3
Packing straps -2.09 0.053 All values identical 
Difference between 
the means = 0 .1
All values identical 
Difference between 
the means = 0.7
Sanitary items All values identical 
Difference between 
the means = 3.2
All values identical 
Difference between 
the means = 2 . 8
All values identical 
Difference between 
the means = 0.9
Medical waste All values identical 
Difference between 
the means = 0
All values identical 
Difference between 
the means = 0 . 2
All values identical 
Difference between 
the means = 0.3
Drinks cans -2.15 0.047* -0.43 0.67 All values identical. 
Difference between 
the means = 1.5
Plastic bottles 
(drinks)
-3.22 0 .0 1 1 * -1.13 0.29 All values identical. 
Difference between 
the means = 5.5
♦significant at 0.05% level (unmatched t-test).
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Table III 72. Comparison of the quantity of selected litter items recorded on Burghead
Bay and East/West Runton in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P t P
Paper drinks 
containers
All values identical. 
Difference between 
the means = 1 .2
-1.65 0.13 4.30 0 .0 2 0 *
Potentially 
hazardous containers
-0 .8 8 0.39 -1 .0 2 0.39 0.91 0.38
Packing straps -3.31 0.0091** 1.16 0.27 0 .2 1 0.84
Sanitary items -1.72 0 . 1 2 -0.99 0.35 1.03 0.33
Medical waste All values identical 
Difference between 
the means = 0 .1
-0.09 0.93 All values identical 
Difference between 
the means = 0.3
Plastic bottles 
(drinks)
-2.79 0.014* 1.07 0.31 -1.97 0.066
Drinks cans -1.56 0.14 0.35 0.73 2.11 0.061
^significant at 0.05 level; ^^significant at 0.01% level (unmatched t-test).
Table III 73. Comparison of the quantity of selected litter items recorded on Barton 
on Sea and Burghead Bay in 1992, 1993 and 1994.
Item 1992 1993 1994
t P t P
Paper drinks 
containers
-2.45 0.037* -1.41 0.18 All values identical. 
Difference between 
the means = 2.4
Potentially 
hazardous containers
All values identical. 
Difference between 
the means = 0 . 2
All values identical 
Difference between 
the means = 0.4
All values identical 
Difference between 
the means = 0 . 8
Packing straps 0.63 0.54 All values identical 
Difference between 
the means = 1 .2
All values identical 
Difference between 
the means = 1 .8
Sanitary items All values identical 
Difference between 
the means = 1.3
All values identical 
Difference between 
the means = 0.9
All values identical 
Difference between 
the means = 52.6
Medical waste All values identical 
Difference between 
the means = 0 .1
All values identical 
Difference between 
the means = 0 . 2
All values identical 
Difference between 
the means = 0
Drinks cans 0.74 0.47 -0 . 8 6 0.40 All values identical 
Difference between 
the means = 1 0 .1
Plastic bottles 
(drinks)
-4.35 0.0019** 0.42 0 . 6 8 All values identical 
Difference between 
the means = 14.5
♦significant at 0.05% level; ♦♦significant at 0 .0 1 % level (unmatched t-test).
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items in any of the years of survey.
Table III 73 shows the results for Barton on Sea compared with Burghead Bay. 
Significantly more paper drinks containers (p<0.05, unmatched t-test) and plastic 
drinks bottles (p<0.01) were recorded on Burghead Bay in 1992. No significant 
difference was recorded in the quantities of litter on either of the two sites in 1993. 
In 1994 significantly more sanitary items and plastic bottles were recorded on 
Burghead Bay compared with Barton on Sea.
Ill 10. Visitor numbers
The questionnaire did not attempt to gather data concerning the sources of litter, other 
than an attempt to identify the country of origin, or data concerning tides or wind 
currents. It is not possible then to state with any certainty the proportion of litter 
coming from the sea or from land-based sources. Factors such as numbers of litter 
bins and visitor pressures may help to explain the varying quantities of litter found in 
different locations. Data collected via the National questionnaire (refer to section II 
3.2.3) relating to these issues has been compared in Tables III 74-76. Comparison 
of the number of visitors recorded on each site (Table HI 74) showed no significant 
differences between any of the sites in 1992, or 1993. In 1994 significantly more 
visitors were recorded on Barton on Sea compared with Lossiemouth East (p <  0.01) 
and Burghead Bay (p<0.01). In the same year of survey Southsea recorded 
significantly more visitors compared with Burghead Bay. Between 1993 and 1994 
visitor numbers showed a significant difference in Lossiemouth East (p<0.05), 
Southsea (p<  0.001) and Barton on Sea (p<  0.001), and on Barton on Sea between 
1992 and 1994 (p<  0.001; unmatched t-tests in all cases; Table III 75).
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III 11. Follow-up surveys
III 11.1. Seasonal variability 
(refer to section II 7)
In 1993 a total of 11 surveyor groups were organised to conduct follow-up surveys 
on a selected number of units of their coastal blocks (Appendix X). Groups were 
asked to conduct a survey in December 1993, March 1994 and June 1994 on at least 
two units of the block already surveyed by them in the previous September (1993).
Two-way ANOVA tests were conducted on data collected from 28 units surveyed in 
the months specified above to test the hypotheses that 'there is no significant 
difference in the quantity o f litter recorded in December, March and June' and that 
'there is no significant difference in the quantity o f litter between the sites'. Two-way 
ANOVA was considered the most appropriate test because the data contained two 
sources of systematic variation - site (or location of survey) and month (or timing of 
survey).
Plastic bottles and glass were the only litter items to be significantly affected by the 
month of survey (p<  0.01 in both cases; Table ID 77). The quantity of litter was, in 
most cases, affected by the location (ie., the site). Only packing straps and potentially 
hazardous containers showed no significant difference between the sites (Table III 77).
The data was then segregated into regions - North East, East, South East and South 
West of England and Wales. Two-way ANOVA was applied to the total number of 
each litter item recorded to establish if there were any significant differences in the 
quantities of litter recorded that could be attributed to (a) the region (Table III 78) or 
(b) the month (Table HI 79) (these being the two sources of systematic variation). The 
data values and ANOVA output are shown in Appendix X. Glass, drinks cans, 
sanitary items and paper drinks containers showed a significant difference between the 
regions (Table HI 78). No significant difference was shown which could be attributed 
to the month of the survey (Table III 79). Figures HI 8  (a-d) display the results from
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Table III 74. Comparison of visitor numbers (excluding surveyors) on selected sites
during the 1992, 1993 and 1994 survey periods.
Sites 1992 1993 1994
t P t P t P
Lossiemouth 
East/Burghead Bay
-0.07 0.95 + 0.06 0.95
Lossiemouth
East/Sheringham
0.09 0.93 0.07 0.95 -1.09 0.31
Lossiemouth East/ 
East/West Runton
-1.14 0.28 + -0 . 6 6 0.52
Lossiemouth East/Barton 
on Sea
0.06 0.95 0 . 0 0 1 .0 0 -3.67 0.0032**
Burghead Bay/Sheringham 0.14 0.89 + -1 .1 0 0.30
Burghead Bay/ East/West 
Runton
-1.13 0.29 + -0 . 6 8 0.51
Burghead Bay/Southsea + + -3.84 0.0028**
Burghead Bay/Barton on 
Sea
+ + -3.64 0.0034**
Sheringham/ East/West 
Runton
-1.13 0.29 + 0.67 0.52
Sheringham/Barton on Sea -0.05 0.96 -0.06 0.06 -0 . 1 0 0.92
Sheringham/Southsea + + -0.41 0.69
East/West Runton/Barton 
on Sea
1.16 0.28 + -1.45 0.17
East/West
Runton/Southsea
+ + -1 .8 8 0.078
^^significant at 0.01% level (unmatched t-test). +No data for Burghead Bay (1993), 
East/West Runton (1993), Southsea (1992, 1993).
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Table III 75. Comparison of visitor numbers at selected sites between three years of
survey (1992, 1993 and 1994).
Site 1992 vs 1993 1992 vs 1994 1993 vs 1994
t P t P t P
Lossiemouth East -0.15 0.89 0.80 0.44 4.33 0.049*
Burghead Bay No data for 1993 0.77 0.48 No data for 1993
Sheringham -0.13 0.90 -0.73 0.48 -0.99 0.35
East/West Runton No data for 1993 1.19 0.26 No data for 1993
Southsea No data for 1992 No data for 1992 -4.92 0.0008***
Barton on Sea -0.35 0.73
----- - A
-4.81 0 .0 0 1 *** -4.94 0.0008***
^^significant at 0 .0 1 % level; * ^ significant at 0 .0 0 1 % level (unmatched t-test).
Table HI 76. Number of litter bins and general activities recorded on selected sites 
during the 1994 survey period. _______________
Site Number of litter bins 
recorded (1994)
General activities undertaken in 
site
Lossiemouth East 0 Bathing
Informal Recreation 
Water sports 
Angling 
Industry
Burghead Bay 1 in 2.5 Km Informal Recreation
Sheringham 6  in 5 Km Bathing
East/West Runton 0 Bathing
Informal Recreation 
'Other'
Southsea 1 every 2 0  m Bathing
Watersports
Angling
Defence
Barton on Sea 12 in 5 Km Bathing
Informal Recreation
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Table III 77. Comparison of the quantities of litter recorded on 28 sites around the
UK over three survey periods - December 1993, March 1994 and June 1994. Data
was collected on one day in each of these months.
Litter Item p(month) p(site)
Packing straps 0.744 0.328
Potentially hazardous containers 0.254 0.473
Paper drinks containers 0.187 0 .0 0 0 ***
Sanitary items 0 .2 2 1 0 .0 0 0 ***
Medical waste 0.317 0.005**
Plastic bottles 0 .0 0 1 ** 0.005**
Drinks cans 0.619 0 .0 0 0 ***
Glass 0.003** 0 .0 0 0 ***
Plastic can holders 0.871 0 .0 0 0 ***
^significant at 0.01 level; * ^ significant at 0.001 level (ANOVA). p(month) gives the level 
of significance for the difference between the months; p(site) gives the level of significance 
between the months.
i
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Table III 78. Comparison of mean number of each litter item recorded in various
regions over three survey periods (one day in December 1993, March 1994 and June
1994). Data was collected from a total of 28 sites around the UK.
Region
Item North 
East of 
England
East of 
England
South 
East of 
England
South 
West of 
England
Wales p Value
Packing straps 1.208 1.333 1 .0 0 0 2.533 0 .0 0 0 0.331
Potentially
hazardous
containers
0.333 0 .1 1 1 0.333 0.133 0.500 0.794
Paper drinks 
containers
7.208 21.444 53.810 14.867 113.33 0 .0 0 0 ***
Sanitary items 1.958 7.000 13.524 0.267 0 . 0 0 0 0 .0 1 1 **
Medical waste 0 . 0 0 0 0.167 0.143 0 .0 0 0 0.167 0.310
Plastic bottles 7.667 11.278 18.667 12.400 25.167 0.051
Can holders 0.208 0 .1 1 1 0.762 0.067 0.167 0.171
Glass 0.375 3.222 2.143 0.333 1 .0 0 0 0.004**
Drinks cans 2.500 4.722 11.952 13.067 3.667 0 .0 0 1 ***
^significant at 0.5 % level; ^significant at 0 . 0 1  % level; * ^ significant at 0 . 0 0 1  level 
(ANOVA).
Table HI 79. Mean values of each litter item recorded on 28 sites around the UK for 
each month surveyed - December 1993, March 1994 and June 1994 - (the mean of 
all the sites surveyed is given), 'p ' gives the level of significance for the difference 
in litter recorded between the months (ANOVA).
Month
Item December
1993
March
1994
June
1994
p Value
Packing straps 1.071 1.286 1.643 0.598
Potentially hazardous containers 0.464 0.107 0.214 0.368
Paper drinks containers 29.893 24.964 37.714 0.821
Sanitary items 7.607 4.357 4.500 0.742
Medical waste 0.143 0.071 0.036 0.203
Plastic bottles 20.786 10.643 8.429 0.053
Can holders 0.250 0.321 0.321 0.996
Glass 2.643 0.786 0.964 0.088
Drinks cans 7.786 6.286 7.857 0.785
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F i g u r e  I I I  8 .  M e a n  n u m b e r  o f  i t e m s  r e c o r d e d  i n  v a r i o u s  r e g i o n s  o f  E n g l a n d  a n d  
W a l e s  o v e r  t h r e e  s u r v e y  p e r i o d s  -  D e c e m b e r  1 9 9 3 ,  M a r c h  1 9 9 4 ,  J u n e ,  1 9 9 4  
N o r t h  E a s t .  E a s t ,  S o u t h  E a s t  a n d  S o u t h  W e s t  r e f e r  t o  r e g i o n s  o f  E n g l a n d .
 —  —  1
F i g u r e  I I I  8  ( a ) .  P a p e r  d r i n k s  c o n t a i n e r s
X
1 □  Paper Drinks Containers
2  North East South South W ales
East East West
F i g u r e  I I I  8  ( b ) .  S a n i t a r y  i t e m s
North East East South East South West Wales
□  Sanitary Items
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F i g u r e  I I I  8  ( c ) .  G l a s s  i t e m s
North East East South East South West Wales
F i g u r e  I I I  8  ( d ) .  D r i n k s  c a n s
0
2 15 T
1  ,0
0
<5 51 0
North East East South East South West
□  Drinks Cans
Wales
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each region where a significant difference was recorded in the amounts of litter. For 
example, Figure III 8 (a) shows that Wales recorded the highest number of paper 
drinks containers over the survey period. There was no consistency in identifying any 
one particular region as being the most heavily contaminated with the various litter 
items - the South East of England recorded the highest quantities of sanitary items 
over the three survey periods, the East of England the highest quantities of glass items 
and the highest quantities of drinks cans were recorded in the South West of England.
III. 11.2 Investigation into reporting rates (refer to section II 5 (b))
Eleven groups were organised from St Cyres School, Penarth to undertake replicate 
surveys on three units of coastline in Swanbridge, South Glamorgan (Plate III 4). 
Matched t-tests were applied to the counts of litter items to identify any significant 
differences between the units. The results are detailed in Table III 80. Units 1 and 
2 showed a significant difference in the quantity of plastic drinks bottles and drinks 
cans recorded (p< 0.001) and units 1 and 3 also recorded a significant difference in 
quantity of drinks cans recorded (p<0.01).
The data was compared to ascertain if there was any difference in reporting between 
the groups. Two-way ANOVAs were conducted to test if there were any significant 
differences in the quantities of litter recorded due to the two sources of systematic 
variation - (a) the groups of surveyors and (b) the unit (Table III 81). A significant 
difference was reported in the quantities of drinks cans and plastic bottles between the 
units (p < 0.001). The only item to show a significant difference in reporting rate was 
potentially hazardous containers (p <0.05) possibly indicating a variation in surveyors 
perception of what is considered 'hazardous'. For all other items there was no 
significant difference between the reporting rates.
To further test for any differences in reporting rates between sexes, the data was 
segregated into groups consisting of all males, and all females (the data from the 
group consisting of mixed sexes was removed). Unmatched t-tests were conducted 
for each item on the data collected on unit 1 and unit 2. No significant difference was
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found in the rates of reporting for any item on either unit 1 or unit 2 (Table III 82).
The surveyors consisted of five groups of girls, five groups of boys and one mixed 
group. Two-way ANOVAs were conducted on the data from all three units surveyed 
to test any differences in reporting rates that could be attributed to sex of the surveyor 
groups. The significant difference in counts of drinks cans and plastic drinks bottles 
between units is confirmed (p <0.001) and as shown in Table III 83 the only item for 
which there was a difference in reporting rates was potentially hazardous containers - 
a higher number was recorded by the mixed group and the smallest number by the 
group consisting of all males.
Ill 11.3. Investigation into current beach litter policies in selected counties
Tables III 84 a,b shows the responses received from the seven district authorities 
approached (refer to section I I 8). The current procedures for dealing with beach litter 
are very similar between authorities. However, at present there is some variation in 
their inclusion of specific beach litter policies into existing management plans. It may 
therefore be concluded that beach litter takes a different priority with different 
authorities. Fareham Borough Council, New Forest District Council and North 
Norfolk District Council were the only authorities approached who have incorporated 
beach litter policies into their strategic coastal management plans. Fareham Borough 
Council, North Norfolk District Council and Moray District Council have 
incorporated beach litter policies into their local management plans. None of the 
authorities approached were implementing new beach award categories for remote 
beaches and only two authorities saw any value in doing this.
In terms of public participation in beach litter management all authorities except 
Southampton City Council currently liaise with schools, community groups and local 
interest groups through presentations or press coverage. Southampton City Council 
did recognise the value of introducing such a practice. Southampton City Council and 
Havant Borough Council are the only authorities approached which currently do not 
target education at specific groups associated with litter or promote public awareness 
concerning sources of litter.
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Table III 80. Comparison of counts of selected litter items recorded on three units 
(each 0.5 Km in length) made by eleven groups of surveyors at the Swanbridge 
coastline, South Glamorgan. The surveys were conducted sequentially on the same 
day.
Item Unit 1 vs Unit 2 Unit 1 vs Unit 3 Unit 2 vs Unit 3
t P t P t P
Sanitary items 0.52 0.61 0.24 0.81 -0.34 0.75
Medical waste All values 
identical. The 
mean of the 
differences = 0
All values identical. 
The mean of the 
differences = 0
All values 
identical. The 
mean of the 
differences = 0
Plastic bottles 5.46 0.00*** 1.99 0.082 -2.21 0.069
Glass 2.03 0.065 0.6 0.56 -1.89 0.11
Paper drinks 
containers
All values 
identical. The 
mean of the 
differences =5 .2
0.31 0.76 All values 
identical. The 
mean of the 
differences = 1.8
Drinks cans 4.59 0.001*** 4.25 0.0014** -0.47 0.66
Potentially hazardous 
containers
-1.80 0.091 -0.67 0.54 0.36 0.73
Packing straps -0.67 0.52 All values identical. 
The mean of the 
differences = 0.1
All values 
identical. The 
mean of the 
differences = 0.3
* ^ significant at 0.001% level; ^^significant at 0.01% level (matched t-test).
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Table III 81. Comparison of reporting rates between eleven groups of surveyors and 
the quantity of selected litter items between survey units. The surveys were conducted 
sequentially on the same day at the Swanbridge coastline, South Glamorgan on three 
units of coastline (each 0.5 Km in length). p(unit) is the level of significance due to 
variation between the units; p(group) is the level of significance due to variation in 
reporting rates between the groups.
Item p (unit) p (group)
Packing straps 0.353 0.168
Potentially hazardous containers 0.165 0.028*
Paper drinks containers 0.187 0.339
Drinks cans 0.001*** 0.610
Plastic bottles (drinks) 0.000*** 0.518
Glass 0.125 0.491
Sanitary items 0.632 0.185
Medical items 0.234 0.750
^significant at 0.05% level; * ^ significant at 0.001% level (ANOVA).
Table III 82. Comparison between counts of selected litter items made by groups of 
all male and all female surveyor groups on two survey units at the Swanbridge 
coastline, South Glamorgan. The surveys were conducted sequentially on the same 
day. Each unit represent 0.5 Km of coastline. The level of significance is given by 
the symbol 'p' (unmatched t-test).
Item Unit 1 Unit 2
t P t P
Packing straps All values identical. 
Difference between the 
means = 0
All values identical. 
Difference between the 
means = 0
Potentially hazardous containers 0.30 0.77 0.30 0.77
Paper drinks containers 0.69 0.52 All values identical.
Drinks cans 0.64 0.55 -0.10 0.93
Plastic drinks bottles -0.10 0.93 -0.59 0.57
Glass 0.1 0.92 0.13 0.90
Sanitary items 1.16 0.3 All values identical. 
Difference between the 
means = 0
Medical waste All values identical. 
Difference between the 
means = 0
All values identical. 
Difference between the 
means = 0
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Table III 83. Comparison reporting rates between surveyor groups consisting of all 
males, all females and mixed sexes. Surveys were conducted at the Swanbridge 
coastline, South Glamorgan on three units of coastline (each 0.5 Km in length). 
p(unit) indicates the level of significance due to differences in litter counts between 
the units; p(sex) indicates the level of significance due to differences in reporting rates 
by the different groups segregated by sex.
Item p (unit) p (sex)
Packing straps 0.527 0.344
Potentially hazardous containers 0.140 0.006**
Paper drinks containers 0.187 0.339
Drinks cans 0.001*** 0.610
Plastic bottles (drinks) 0.000*** 0.518
Glass 0.125 0.491
Sanitary items 0.632 0.185
Medical items 0.234 0.750
**significant at 0.01% level; ***signifleant at 0.001% level (ANOVA).
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Table III 84 (a). Current procedures for beach litter management in selected district
councils.
Procedure Fareham
Borough
Council
New
Forest
District
Council
Southampton 
City Council
Eastleigh
Borough
Council
Havant
Borough
Council
Incorporate beach litter 
policies into strategic 
coastal management 
plans
yes yes no no no
Incorporate beach litter 
policies in local beach 
management plans
yes no no no no
Define appropriate 
litter management 
standards for individual 
beaches
yes no no no no
Introduce new award 
category for beaches 
on remote and 
undeveloped coasts
no no no no N/A
Upgrade standards of 
visitor facilities
no yes no no no
Increase litter reception 
facilities at ports, 
marinas, piers
yes yes yes no no
Improve management 
at coastal landfill sites
N/A N/A N/A N/A N/A
Discourage fly tipping 
at sites
yes yes yes N/A no
Encourage voluntary 
groups to adopt a 
section of coastline to 
regularly clean
yes yes no yes no
Increase public 
awareness concerning 
sources of litter
yes yes no yes no
Target education at 
groups associated with 
specific litter sources
yes yes no yes no
Liaise with schools, 
community councils 
and other local interest 
groups
yes yes no yes yes
Liaison with port 
authorities to make 
maximum use of port 
facilities
yes yes no no yes
279
Table III 84(a) continued.
Procedure North Norfolk District 
Council
Moray District 
Council
Incorporate beach litter policies into 
strategic coastal management plans
yes N/A
Incorporate beach litter policies in local 
beach management plans
yes yes
Define appropriate litter management 
standards for individual beaches
yes no
Introduce new award category for 
beaches on remote and undeveloped 
coasts
no N/A
Upgrade standards of visitor facilities under consideration N/A
Increase litter reception facilities at 
ports, marinas, piers
N/A yes
Improve management at coastal landfill 
sites
N/A N/A
Discourage fly tipping at sites yes yes
Encourage voluntary groups to adopt a 
section of coastline to regularly clean
yes no
Increase public awareness concerning 
sources of litter
yes yes
Target education at groups associated 
with specific
yes yes
Liaise with schools, community councils 
and other local interest groups
yes yes
Liaison with port authorities to make 
maximum use of port facilities
yes no
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Table III 84(b). Current 'long-term' monitoring/evaluation schemes concerning beach 
litter.
Procedure Fareham
Borough
Council
New
Forest
District
Council
Southampton 
City Council
Eastleigh
Borough
Council
Havant
Borough
Council
Consider 
opportunities to 
fund additional 
site
management
posts
N/A no no no no
Investigate
public
perception of 
acceptable 
levels and 
types of litter
yes yes no no no
Establish a
definitive
national
monitoring and
evaluation
scheme
yes no no no no
Consider
establishing
local
monitoring and
evaluation
programmes
using
volunteers
yes no yes no no
Investigate 
funding 
mechanisms 
for beach 
cleaning
yes yes no no no
Examine 
specific effects 
of beach litter 
on coastal 
ecosystems
yes no no no no
Quantify 
effects of 
beach award 
status on 
tourism and the 
effects of a 
degraded beach 
environment
yes no no no no
281
Table III 84(b) continued.
Procedure North Norfolk 
District Council
Moray District 
Council
Consider opportunities to fund 
additional site management posts
N/A N/A
Investigate public perception of 
acceptable levels and types of litter
no no
Establish a definitive national 
monitoring and evaluation scheme
no no
Consider establishing local 
monitoring and evaluation 
programmes using volunteers
no no
Investigate funding mechanisms for 
beach cleaning
no yes
Examine specific effects of beach 
litter on coastal ecosystems
no no
Quantify effects of beach award 
status on tourism and the effects of a 
degraded beach environment
no no
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Chapter IV
DISCUSSION
IV 1. Introduction
This thesis had three major aims - firstly to appraise the Coastwatch UK project as 
a tool for coastal managers. To achieve this the method used in the survey to collect 
the data must be validated. It is therefore appropriate to discuss the method in detail 
and to compare the results obtained with other data sets collected by different 
methods. Secondly, the use of the data as 'indicators' of beach pollution and of 
potential health hazards will be discussed. Thirdly, the results obtained will be 
discussed with the aim of establishing whether current beach litter management 
procedures operated in selected areas are appropriate. The data analysed in this thesis 
is largely concerned with the amounts and types of marine debris polluting the 
intertidal and splash zones, and has been collected in a way which allows comparisons 
between the annual data sets and between regions, counties and sites. It is considered 
that the data can therefore be used as a marker to assess the effectiveness of a local 
authority's beach litter management policy.
IV 2. Validation of methodology
IV 2.1. General
As a fundamental concern in any study, the methods adopted must fulfil the aims of 
the project. The Coastwatch UK survey has a number of broad aims - primarily, the 
survey aimed to gather baseline data on a large scale, and therefore the method was 
designed accordingly. Undoubtedly, the beach survey method of assessing marine 
debris on land is the most appropriate to allow a large sample size to be achieved. 
This was the method on which the Coastwatch UK study was based. The main 
advantages of beach surveys have already been discussed in section I 2.2. In 
summary, such surveys can be carried out in virtually all weather conditions, require 
minimal equipment, are cost-effective and can be undertaken by inexperienced 
surveyors under instruction. Unlike the method adopted by Beachwatch (McGilvray,
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1993; Moreton, 1994; Pollard, 1996) surveyors involved in Coastwatch UK undertook 
data collection as their primary task, the results may therefore be considered to be 
more accurate (Amos et a l ,  1994). All types of litter can be recorded by this method 
and data can be accurately mapped. In terms of achieving a large sample the method 
adopted by Coastwatch UK has proved successful. The survey has provided a 
comprehensive snapshot on the condition of the UK coastline over a five-year period, 
with over 2000 Km of coastline surveyed for three consecutive years (1991-1993) and 
over 1800 in 1994; 70% of sites were surveyed for two of these years and over 50% 
of sites were surveyed on two consecutive years. In recent years the only other large 
survey which has attempted to monitor marine debris in the UK on such a scale was 
by the Keep Britain Tidy Group in the 1980's (refer to section I 2.2.3 for further 
details; Dixon & Hawksley, 1980; Dixon & Dixon, 1980; 1983b). Beachwatch '95 
achieved a sample of around 10% of that of the present study (Pollard, 1996). It is 
believed that the present study is the largest documented survey of its kind in Europe.
IV 2.2. Use of volunteers
The present survey aimed to involve the public in coastal management issues primarily 
through a data-gathering exercise. Thousands of members of the general public were 
co-ordinated on an annual basis to undertake this task. The use of volunteers in 
environmental management, including data gathering, has been discussed by several 
authorities and organisations (see for example Dixon, 1992; 1995a; Edwards, 1993) 
and various advantages and disadvantages identified. The use of volunteers to gather 
scientific data raises obvious concerns about consistency and reliability. Trials 
undertaken by the Keep Britain Tidy Group (now TBG) (as cited by Dixon, 1992) 
apparently showed that volunteers may 'incorrectly identify items o f litter frequently'. 
The present study strongly disagrees with this assertion. The identification of litter 
such as cans, plastic bottles and other such common items were not generally thought 
to cause problems to surveyors of any age and no evidence of this was seen in the 
present study. This was confirmed undertaking replicate surveys with independent 
groups (refer to section III 11.2) where reporting rates between groups were found 
to show no significant difference, except for 'potentially hazardous containers'. This
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is likely to be due to different interpretations of what is considered 'hazardous'. 
Detailed instructions were issued to Coastwatch UK surveyors on how to complete the 
survey and illustrated examples given for sections of the questionnaire where 
identification was thought to be a potential problem, for example identification of 
seaweeds, limpets and barnacles, but it was not considered necessary to illustrate litter 
items. The conclusions made by the Keep Britain Tidy Group (Dixon, 1992) may 
therefore be as a result of inadequate instructions given by that group to their 
surveyors.
Dixon (1995a) also suggested that the 'tick box' methodology is not sensitive enough 
to discriminate and detect changes reported and required for effective management 
and that the method can lead to gross exaggeration of specific problems. Where 
appropriate, quantitative data was collected in the present study providing a more 
accurate indication of the scale of the problem and location than obtained by 
indicating just presence or absence. The present study involved twenty other partners 
throughout Europe in the core activity. Modifying the questionnaire therefore required 
a consensus from all these. Where it was desirable in the UK to increase the amount 
of quantitative data collected in order to meet specific objectives of the UK survey this 
was not always the desire of all participating countries. However, it is not considered 
that results were exaggerated or underestimated in any way, and this was proved by 
comparing reporting rates between independent groups (refer to section III 11.2). 
Comparisons of reporting rates between groups showed that the only item to show any 
significant inconsistency in reporting rate was that classed as 'potentially hazardous 
containers'. This may be expected as the category relies partly on the opinion of the 
surveyor as to what constitutes a potential hazard. It was shown that entirely male 
surveyor groups recorded the lowest number of these items, possibly indicating that 
all-female groups were more cautious (section III 11.2). Indeed, TBG identified 
searching efficiency, the ability to locate all items of litter within a designated area 
and incorrect recording of finds as possible errors when using volunteers (Dixon, 
1992). Under such circumstances the results would have been an underestimate rather 
than an overestimate. However, no evidence of any discrepancies in recording rates 
was seen in the present study. In terms of fulfilling the objectives of the project, the
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use of volunteers seems entirely suitable and reliable. It is acknowledged that there 
may be concerns with using a wide range of surveyor groups and there could be 
inconsistencies in reporting rates (Dixon, 1992; Amos et a l,  1994). However, trials 
undertaken showed that using the method adopted in Coastwatch UK these concerns 
are unfounded. The method has proved to be suitable and reliable to be undertaken 
by surveyors of various ages.
To further improve consistency, the same surveyors were encouraged to repeat the 
survey in consecutive years. Over 50% of surveyors conducted the Coastwatch UK 
survey at least twice and all groups were provided with a comprehensive instruction 
pack plus a local and national contact, thus providing as full guidance as possible 
without individual training. The Third International Congress on Marine Debris
(1994) discussed the issue of volunteers in survey work but could not reach a 
consensus on the use of volunteers in scientific studies (Paris & Hart, 1995). 
However, the use of 'experts' to collect the data in the present study would have 
considerably increased costs and would not have allowed such a large sample to be 
achieved. Whilst training may be required for some methods of data collection such 
as the use of transects or water quality sampling, the method adopted by Coastwatch 
UK is sufficiently 'friendly' to be used by groups without formal training. It is 
difficult to imagine what constitutes an 'expert' in identifying litter items such as 
plastic bottles and cans.
The majority of the participants lived within five miles of their survey site. The 
establishment of a network of volunteers living locally improves the prospect of 
involving them in follow-up activities. It also has the added advantage of reducing the 
possibilities of travel difficulties to and from the site and in the event of bad weather 
local groups are more likely to be able to complete the survey on an alternative day 
within the fieldwork period. These local volunteers also knew the survey site and 
were thus able to apply previous knowledge to those questions regarding management 
of the site. However, a small percentage of volunteers travelled considerable 
distances to complete the survey indicating the concern some sectors of the public 
have for coastal pollution issues.
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The use of volunteers has the added advantage of raising public awareness of the 
condition of the coastline, thus fulfilling a further objective of the Coastwatch UK 
project. The most direct way of raising awareness is to involve as many people of 
varying ages, occupations and interests as possible. Data collection is one such 
activity. Such volunteers have no political, economic or personal motives for 
influencing the data which is therefore completely impartial. In particular, the use of 
school and college groups provides large groups, which are well organised, with 
practical involvement in survey work and promotes environmental education. Where 
education features as an objective of the project it is considered essential to use 
volunteers. Coastwatch UK provides an activity which supports and facilitates the 
objectives of Local Agenda 21 - education and public participation being identified as 
key components in achieving sustainable development (UN, 1992; refer to section I 
5.4).
In conclusion, the use of volunteers was considered the most appropriate, and 
probably the only way of conducting a large scale survey. Investigations showed that 
there was no significant difference in reporting rates between groups allaying concerns 
about consistency of data-gathering by volunteers. Obviously in such a long-term 
study the use of the same volunteer groups year on year will continue to increase 
reliability. It is also essential that good quality control and assurance programmes are 
incorporated into surveys involving volunteers (Ribic et al., 1992).
IV 2.3. Support materials
The present survey provided both support materials and the availability of telephone 
guidance to ensure quality control. A comprehensive quality assurance programme 
was incorporated into the Coastwatch UK design, including all the requirements laid 
down by Ribic et al. (1992). Thus the 'resource file' provided to all surveyor groups 
contained details of the objectives of the study, details of the sampling design, and of 
the items of debris to be studied, a definition of the sampling unit, detailed 
instructions on how to complete the survey and information on how the data was 
processed and analysed (section II 3.1).
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An additional component was the educational materials provided for follow-up 
activities and background information. This fulfilled a further aim of the survey - to 
aid environmental education. Education is an important factor in promoting long-term 
solutions to the issue of marine pollution and the need for long-term education 
programmes is universally recognised (see for example NRA, 1995; Hart, 1996). The 
conclusions of the Third International Conference on Marine Debris (1994) identified 
the need for education as a component of an effective programme to reduce marine 
debris. The conference recommended that residential, commercial and industrial 
communities are informed of the importance of reducing the amount of marine debris 
and its impacts (Paris & Hart, 1995). Dixon (1995a) emphasised the importance of 
education through projects promoting awareness and allocating individual 
responsibility. One way of achieving this is to produce educational materials for 
children and adults. Coastwatch UK provided fact sheets on a wide range of issues 
concerning marine pollution, covering impacts, sources and possible solutions. The 
materials also aimed to maintain the volunteers' interest in the issues by providing 
ideas for follow-up activities which could be undertaken throughout the year and to 
encourage coastal communities to become actively involved in coastal management at 
a local level. Reference of the materials to the formal education system in England 
and Wales provided a focus for teachers and allowed a co-ordinated approach to 
cross-curricular themes as emphasised in the National Curriculum (HMSO, 1989a,b).
IV 2.4. Water quality
The provision of microbiological sampling materials added further insight to the 
educational content of the survey. This component of the survey was not used to make 
water quality assessments in any way other than in the surveyors own context. The 
kits proved to be expensive and the procedure required specialised knowledge, 
equipment and strict safety procedures and therefore could only be undertaken on a 
small scale. Although the test kits were all prepared at Farnborough College of 
Technology and therefore the quality of the culture media was known to be the same, 
the sampling was conducted by a variety of people with differing experience and the 
samples were analysed in different laboratories. Such inconsistencies in sampling
288
procedures have been identified as possible sources of variation in results (Fleisher, 
1990; Philipp, 1991; Lewey & Rees, 1996). It was not possible to control variation 
in storage or transport times of the samples both of which can alter the microbial 
contamination of the sample (EC, 1995b). Due to financial constraints it was not 
possible to provide surveyors with large quantities of media and therefore sufficient 
numbers of replicate samples to provide accurate tests were not possible. No real 
quality control was possible and therefore the data collected cannot be considered to 
be reliable. However, the kits proved a useful way of trialing various methods under 
field conditions. It is not possible to state with certainty which of the two methods 
used in the present study - MPN or membrane filtration - proved more reliable as 
they were not directly compared. It has been found that the two techniques do not 
always produce homogenous results (WHO, 1995). The membrane filtration method 
has been proved to be more reliable than the MPN method using 3-5 tubes (Hutton, 
1983) and is found to produce results more quickly than the MPN method (EC, 
1995b). In terms of providing a 'portable' microbiological kit it was concluded that 
the membrane filtration method used in 1993 and 1994 was preferable to the MPN 
method used in the early stages of the survey. The membrane filtration units used 
were self-contained and surveyors found them easy to use, whereas the MPN method 
required a large number of tubes to be provided and were cumbersome to package.
In terms of the media used, no firm conclusions can be made concerning which were 
the most accurate in the present study due to the lack of full quality control. 
Correlations of the different indicator bacteria between the various media trialed were 
variable. In the 1992 survey the two media used for detection of E. coli - MacConkey 
broth plus MUG and tryptone water plus MUG - showed reasonably good correlation 
in counts returned. Slightly higher counts were recorded using tryptone water plus 
MUG but no conclusions could be made as to whether the tryptone-based media was 
overestimating or whether the MacConkey plus MUG media was underestimating 
bacterial numbers. The main disadvantage was found to be that this method relied on 
making the samples fluoresce and therefore the surveyors required the appropriate 
equipment. There was also the potential for surveyors to wrongly identify colonies as 
they are required to distinguish between yellow colonies (total coliforms) and yellow
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fluorescing colonies {E. coli). MUG has also been shown to produce background 
fluorescence (Feng & Hartman, 1982) which may have occurred making distinction 
of colonies difficult.
In the 1993 survey the two media used for detection of E. coli were MacConkey broth 
plus MUG, and BUG. Higher counts were recorded on the MacConkey/MU G 
medium and it was apparent that a further inhibitory substance should have been 
added to the MUG medium to avoid surveyors counting colonies other than those 
fluorescing. BUG had the advantage of not requiring a UV light for detection of E. 
coli which was easily identified as bright blue colonies but it was expensive and 
therefore not ideal for the purposes of this study.
Two media were tested for detection of faecal streptococci. A disadvantage of using 
KAA broth for the detection of faecal streptococci is that where the samples were 
contaminated with sand particles there was the potential for these to be wrongly 
identified as colonies. The Slantez and Bartley broth used in the 1993 survey for the 
detection of faecal streptococci was considered to work as equally well as KAA broth 
- the pink colonies were easy to identify, but this medium has a limited shelf life, as 
it cannot be sterilised, and therefore was expensive.
In conclusion, BUG was considered to be the preferable medium for detection of E. 
coli, but was not cost-effective, and no preference was identified between Slantez and 
Bartley broth or KAA for the detection of faecal streptococci.
Other inconsistencies in the test procedure could contribute to variations in results 
obtained - posting times were not specified so that where confirmatory tests were 
made the storage conditions of the membranes were uncertain. The importance of 
refrigeration prior to transit was also understated. As an educational exercise this 
component of the survey was extremely successful. As already stated it is not possible 
to have complete confidence in the results as full analytical quality control was not 
undertaken, although the 1994 survey showed that over 70% of results were 
correlated with the confirmatory tests. The value of this component of the survey to
290
coastal managers is limited as an indication of water quality. However, the exercise 
does highlight the considerable variation that can exist in microbiological sampling 
procedures - methods, culture mediums, storage and transport of samples, variation 
between analysts, choice of sampling location, depth that the sample is taken from, 
as well as wind, tide, currents and sunlight may all contribute to inconsistency in 
results. It supports both the need for a revision of the bathing water Directive (CEC, 
1976a) and the results of other investigations into the performance of methods used 
for microbiological examination of sea water (Fleisher, 1985; 1990; Jones et a l ,  
1990; EC, 1995b). It is suggested that there is a need for a standard sampling 
procedure, taking into account all these variables, to be formulated and adopted to 
ensure consistency in bathing water results.
IV 2.5. Inflows
The survey also examined the quality of inflows. The data obtained from this 
component of the survey was not considered to be sufficiently accurate to be analysed 
in detail. As with the microbiological sampling it was not possible to incorporate a 
full quality control programme. Any inflow recorded with a nitrate value over 10 
ppm could be considered as a potential polluting source but it is acknowledged that 
a colour test is subjective and therefore it is not considered appropriate to comment 
on the result obtained. As an educational exercise there is considerable potential in 
this area of the survey. The nitrate test provided was easy to undertake and cost- 
effective if undertaken on a large scale. This section of the survey could be improved 
by providing more detailed descriptions of the various types of inflows likely to be 
encountered. Even if the results of the nitrate tests over 10 ppm cannot be stated 
precisely, the survey identified a large number of inflows which are potentially 
unmonitored sources of coastal pollution.
IV 2.6. Environmental education
The survey as a whole has considerable strengths as an educational exercise. It is 
apparent that some sections of the survey have their main value as aids to
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environmental education. For example, it was considered that the sections regarding 
animals and plants is primarily educational. These sections were developed in the 
follow-up activities - for example the concept of food chains and webs were 
introduced and the construction of simple keys using the animals and plants identified 
in the survey were explained (Appendix VI). Both these activities are required to be 
taught by the National Curriculum (HMSO, 1989a,b).
The project was felt to be particularly suited to large groups. Several hundred schools 
participated in the survey and these tended to involve students of ages 15-16. The 
project was deemed to be particularly suitable for GCSE project work and was 
recommended by the London Examination Board as a source of material. A number 
of schools, for example St Gyres School, Penarth and North Walsham High School, 
Norfolk undertook related follow-up work throughout the year based on the survey. 
In terms of higher education the questionnaire designed for the survey was also used 
by a trainee environmental health officer investigating sources of litter on Blackpool 
Beach and a number of undergraduates based university projects on the survey. The 
University of Glamorgan involved the study in a comparison of beach rating systems 
(Williams & Morgan, 1995) and several students at Farnborough College of 
Technology applied the data collected during the surveys to various management 
issues. The educational aspects of the project were also used by local interest groups 
completing the survey. In particular the results obtained by these groups were used 
in local campaigns. The survey was therefore able to be adapted to suit a variety of 
age groups and objectives in terms of education and research.
The survey fulfilled its aim of aiding environmental education and this was enhanced 
by the provision of support materials (refer to section II 3.1). Education is widely 
accepted as the long-term solution to the problem of marine debris (Cottingham, 1989; 
Moreton, 1994; Dixon, 1995a; Pollard, 1996). Legislation relating to litter has proved 
to be difficult to enforce, particularly in relation to dumping by ships. As of 1994 
only one prosecution had been made in the UK for illegal dumping of wastes, 
primarily because of the difficulty in obtaining evidence (Moreton, 1994). The 
Environmental Protection Act (refer to section I 4.1.1) has also proved difficult to
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enforce. MARPOL Annex V (refer to section 14.1.2) has proved to be ineffective in 
reducing debris originating from ships because it is so difficult to enforce (Parkinson, 
1992; Moreton, 1994; Dixon, 1995b). It would not be appropriate to introduce further 
legislation to control marine debris and therefore other solutions must be found. A 
number of suggestions can be made: (a) direct removal - such as the Beachwatch 
campaigns (McGilvray, 1993; Moreton, 1994; Pollard, 1996) however, beach cleans 
are expensive and labour intensive and only provide short-term solutions; (b) target 
specific responsibility groups such as the water industry and manufacturers - this 
offers longer term solutions; (c) general awareness campaigns - these potentially offer 
a long-term solution (Rees & Pond, 1995).
IV 2.7. Size of assessment units
In the Coastwatch UK survey the entire UK coastline was divided into assessment 
blocks (each 5 Km in length divided into ten units each 0.5 Km in length) which were 
identified at the start of the study using OS maps. Each block was referenced by a six- 
figure map reference and may have contained areas of both accessible and inaccessible 
coastline, port areas, identified bathing areas and non-identified areas, military areas, 
heavily littered areas and areas with virtually no litter. A representative sample of UK 
coastline could thus be achieved.
Unlike other large scale surveys attempted in the UK such as those described by 
Dixon & Hawksley (1980) and Pollard (1996), the sample sites used in the present 
study were not chosen subjectively and were not biased towards bathing areas. The 
survey aimed to provide a representative sample of the UK coastline, therefore it 
would not have been appropriate to have selected particular areas for survey as 
described in the study by Dixon & Hawksley (1980) where volunteers were asked to 
survey sites in any location where litter was clearly visible, or in the Beachwatch 
surveys where areas were chosen because they were heavily littered (Pollard, 1996). 
Coastwatch UK is primarily a baseline study (identifying the type of litter found; 
Ribic et a l ,  1992) but an assessment study (estimating the density of litter; Ribic et 
a l,  1992) was developed as an additional component. The assessment units used were
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considered to be of an appropriate size - 0.5 Km in length and covering the entire 
coastal zone. All sections of the coast were surveyed providing a far more 
representative sample than using narrow belt transects as described by other surveys 
such as the TBG litter surveys (Dixon & Dixon, 1980; 1983b), for which much 
stronger assumptions need to be made. Using narrow transects produces results which 
may be variable unless a large number of transects are surveyed. It may be suggested 
that 0.5 Km units are still too limited. In the 1994 Coastwatch UK results, 576 units 
were recorded with potentially hazardous containers on either the splash zone or the 
intertidal zone - equivalent to 15.6% of the total 0.5 Km assessment units (Table III 
7). If this figure is calculated for 1 Km assessment units, 18.6% of units were 
recorded with these items. Similarly for medical waste - 298 units (each 0.5 Km) 
were recorded with medical waste on either the intertidal or splash zone - equivalent 
to 8.0% of total units (Table III 7). For 1 Km assessment units 7.6% of units were 
recorded with these items. The figures are extremely similar to each other proving 
that 0.5 Km assessment units are an adequate size. The variation encountered due to 
characteristics of the site, weather and tidal patterns will be reduced the larger the 
area surveyed. This was confirmed in the present study where a greater variation in 
quantity of litter was found between sites or blocks (equivalent to a 5 Km stretch of 
coastline and therefore considered as 'micro' areas) compared with regions (consisting 
of a large number of sites from several counties and therefore considered as 'macro' 
areas) (refer to section III 7 and III 9).
Using the method described, identical blocks could be surveyed each year and the data 
recorded can be accurately mapped to 500 m. It has already been suggested that 
transects do not provide a representative sample of coastline as they require too many 
assumptions. Previous beach surveys undertaken by TBG have used transects of 
varying widths -5  m, 10 m and 'arms width' (approximately 2 m) (Dixon & Dixon, 
1980; Dixon & Hawksley, 1980; Dixon, 1992). Other litter surveys have also used 
transects, for example Caulton & Mocogni (1987) used 1 m wide strip transects at 5 
m intervals; Benton (1995) used 2 m wide transects. In contrast, and more in line with 
the method of the present survey, Slip & Burton (1991) surveyed the entire coastline 
(94 Km) of Macquarie Island. The present study has used assessment units of 500 m -
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thus surveying up to 50 times more coastline (and therefore making fewer 
assumptions) than those used by studies using transects. More recently, a collaborative 
project undertaken by the six countries sharing the coast along the Gulf of Guinea to 
investigate marine debris used a sampling area of 500 m (Andersson, 1996). The 
present study supports the use of larger assessment units in preference to transects to 
achieve a representative sample. To be of use to coastal managers these should be 
accurately referenced so the data can be mapped.
IV 2.8. Return rates
In general the percentage returns of the questionnaires was considered to be good. 
Over 55 % of recruited groups returned the completed questionnaires each year and 
in 1992 the return rate was 72%. The variation in return rates may be affected by a 
number of factors. Adverse weather conditions during the survey period was a 
primary reason for surveyors not completing the survey. In 1993, in particular, severe 
storms occurred during the survey period probably accounting for the fall in return 
rate over 1992. In contrast, extensive publicity covering the survey period by national 
and regional media probably aided the return rate - for instance in 1992 BBC Country 
File and Newsround both covered the survey periods possibly promoting motivation 
of surveyors.
IV 2.9. Reporting of results
The importance of measuring litter in 'real time' was emphasised recently by Earll
(1995). Every surveyor group completing the survey received a copy of the survey 
report within around three months of completion of the fieldwork. Coastwatch UK 
thus provides an accessible source of information relating to marine pollution in the 
UK and obviously maintaining the network from year to year is aided by feedback 
to the surveyors. The release of the results was also accompanied by media attention. 
In 1994 for example, eight national newspapers, 100 regional newspapers, 11 TV 
stations and 48 radio programmes covered the event. As Earll (1995) indicates, it is 
essential that the results of studies are published as soon as possible if any impact on
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public awareness is to be achieved. The involvement of the press in such studies has 
advantages and disadvantages. Obviously, they select areas of the results which are 
likely to create a good news story and inevitably this includes those areas which were 
found to be particularly polluted (see for example The Daily Mail, March 21st 1994). 
However, the involvement of the media achieved the aim of raising the profile of the 
issues surrounding the project and extending the distribution of the results to a greater 
proportion of people than would have otherwise been achieved.
The survey aimed to provide a snapshot of the condition of the UK coastline. Around 
10% of the total UK coastline was surveyed each year (approximately 2000 Km) - the 
largest sample documented in this country and throughout Europe. It is considered 
that a representative sample of coastline was achieved, both identified (around 10% 
of the total area surveyed each year: Table III 2) and non-identified areas, areas 
devoted to military use, industrial use and recreation. The results showed that 
surveyors generally had a very limited knowledge of official designations (refer to 
section III 2.5). If it is unclear to visitors that an area is officially designated for some 
reason then it is highly unlikely that byelaws or other regulations relating to the site 
will be observed. It may therefore be appropriate to recommend that designations are 
more clearly identified on relevant sites. Public awareness campaigns play an 
important role in all aspects of coastal management and forms an integral part of 
implementation of Local Agenda 21 (UN, 1992; refer to section I 5.4). The present 
study has identified the need for such awareness schemes concerning designations. 
The sections of the questionnaire which provided the most relevant information to 
comment on the condition of the UK coastline were those that related to litter 
(Appendix I - questions E1-E3). In addition, the section concerning perception and 
potential threats to the area (Appendix I - section F) should be considered by coastal 
managers.
IV 2.10. Debris categories
The various documented studies assessing marine debris on beaches have defined the 
categories used in different ways. In some cases debris has been categorised
according to size. Ribic et al. (1992) for example segregated debris into four levels: 
mega-debris (<2-3 cm), macro-debris (5 mm - 2-3 cm), meso-debris (<  5 mm) and 
micro-debris (powdered). In other cases categories have been based on type of 
material. Amongst those surveys assessing types and quantities of litter on the coast 
Dixon & Hawksley (1980) identified nine broad categories of litter based largely on 
type of material used for construction. Caulton & Mocogni (1987) based their study 
on nineteen categories; Corbin & Singh (1993) used nine general categories. Data 
obtained from beach cleans have tended to use far more detailed categories, for 
example the MCS Beachwatch scheme identified 77 items which were put into twelve 
categories based on type of material (Pollard, 1996). The CMC listed 59 items 
(CMC, 1992; 1993). The present study identified nine categories of 'major items of 
debris' and seventeen categories of 'general litter items'. The major items were 
identified as large items such as landfill materials, household refuse in bags, ship 
wreckage and tyres. The general items consisted of smaller items such as fishing gear, 
sanitary items, plastics and paper items. The categories were considered, for the 
purposes of the survey, to be sufficiently detailed enough and to cover the majority 
of litter types likely to be encountered. To categorise litter on the basis of size only 
was not appropriate to the present study since it would then be impossible to draw any 
conclusions concerning types and inputs. To make the categories any more detailed 
would have increased the size of the questionnaire and since litter was not the only 
component of the study this was not considered appropriate. To improve the 
compatibility between the various surveys a far more detailed list could have been 
provided in the instructions such as that identified by the CMC (CMC, 1992; 1993). 
However, the categories used in the present study were sufficiently self-explanatory 
as the study's objectives are clearly defined and thus the categories became obvious. 
As concluded by the Third International Conference on Marine Debris, Miami 1994 
(Paris & Hart, 1995), it may be difficult to completely standardise categories due to 
the different aims of projects, however it may be useful to adopt a series of standard 
definitions - for example for hazardous containers and sanitary waste so data can be 
compared between studies easier. It is essential that in any study the definitions of 
the categories used are clearly stated.
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IV 3. Comparison of data sets
One of the main difficulties of verifying any of the methods used in the previously 
documented studies is that the results cannot be strictly compared with each other due 
to the different categories used to classify the litter as well as the different aims of the 
projects. Prior to 1989 the largest marine litter monitoring surveys in the UK were 
undertaken by the TBG using transects but each survey had different objectives - 
Stage 6 of the Marine Litter Research Programmes for example focused only on 
containers and munitions (Dixon & Dixon, 1985). The survey designs employed by 
the TBG were different to those adopted by Coastwatch UK and the TBG design 
would not be suitable to meet the objectives of Coastwatch UK. Coastwatch UK 
obtained data from both depositing and non-depositing beaches, unlike the surveys of 
the TBG it did not focus only on litter originating from ships (see Dixon & Dixon, 
1981) or on any one particular type of litter (see Dixon & Dixon, 1985). However, 
the design of Coastwatch UK could be used to obtain the information recorded by 
TBG. Sample units have been shown to be of a sufficient size (0.5 Km) to obtain 
accurate data, and information was recorded from all zones. Appropriate blocks could 
be selected from areas in known shipping lanes and depositing beaches if desired, thus 
fulfilling the aims of the TBG projects. However, to study munitions or containers as 
described by Dixon & Dixon (1985) it would not be appropriate to use volunteers to 
handle potentially hazardous containers for obvious safety reasons.
The results of Stage 3 of the TBG Marine Litter Research Programme (Dixon & 
Hawksley, 1980) are the most comparable with those of Coastwatch UK as both 
surveys used volunteers to collect the data. The results of the two studies can still only 
be compared in a broad sense due to the variability in categories defined. For those 
litter categories which can be compared the TBG results (calculated as a percentage 
of total units surveyed) are found to be generally in line with those reported by 
Coastwatch UK with the notable exceptions of oil and metal (Table III 7). In addition, 
the category concerned with 'sewage' includes sewage-related debris in the 
Coastwatch UK surveys and is described as 'raw (untreated) sewage' by TBG (Dixon 
& Hawksley, 1980). The TBG results do not include containers as these were
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recorded separately. The category 'metal' does not include drinks containers in the 
Coastwatch UK survey and may do so in the TBG survey (Dixon & Hawksley, 1980). 
The series of surveys undertaken by TBG concentrating primarily on containers and 
ship-based debris (Dixon & Dixon, 1983a; 1985) are in broad agreement with the 
trends identified by the Coastwatch UK surveys despite being undertaken in selected 
areas and on selected items only. Thus, plastics are identified as the main litter 
component around the coastline; high levels of wood, metal, glass and paper are also 
present.
In terms of clinical waste, results between the surveys of Coastwatch UK and TBG 
are also seen to be very similar. The 1991 Coastwatch UK survey reported medical 
waste on 3% of units surveyed (Rees & Pond, 1991; each unit representing 500 m); 
Coastwatch UK 1992 recorded such items on 4% of units in the splash zone and 2% 
of units in the intertidal area (Rees & Pond, 1992). When these figures are compared 
with those recorded by the TBG surveys it is seen that they are very similar - the 
1978/1979 TBG survey recorded clinical/medical waste on 3 % of units surveyed (each 
unit representing a belt transect, the exact width is not stated); the 1981/1988 TBG 
survey recorded items on 4% of units surveyed (Dixon, 1992).
Accurate comparisons between data collected by beach cleans such as Beachwatch and 
Coastwatch UK are difficult, mainly because no standard assessment units were used 
in the former types of study. The litter categories used for Beachwatch are also not 
directly comparable with those of Coastwatch UK. In addition, volunteers conducting 
a beach clean may be less concerned with counting items since this is a secondary 
task, as confirmed by Amos et al. (1994). However, once again the broad trends are 
similar. In 1994 the Beachwatch project identified plastics as the main litter 
component; sewage-related debris, metal and paper were also frequently recorded 
(Pollard, 1996). Studies overseas have also recorded similar trends - Corbin & Singh 
(1993) showed that plastic was the main component of litter on St Lucia - glass, metal 
and paper were also found to be major components. On Dominica, driftwood was the 
main component of litter - plastics, glass and metal were also major components of 
the litter recorded (Corbin & Singh, 1993).
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The CMC studies further confirmed plastics as being the most prevalent type of debris 
worldwide - in 1992 for example 24 countries participated in a beach clean. In 12 of 
these countries plastics were the most commonly recorded items (CMC, 1992). A 
beach clean-up undertaken on beaches in Attica, near Athens, in 1989 showed that 
plastics were the most abundant items found - accounting for 34.9% of all debris 
(IMO, 1989). Results from Coastwatch Europe show that plastics consistently affected 
over 50% of all units surveyed throughout the countries participating in the survey 
(Dubsky, 1995). The quantities of the various types of plastics recorded varied from 
country to country - for example Spain recorded the highest frequency of plastic 
bottles in the 1994 survey and the Ukraine the highest quantity of plastic can holders 
(Dubsky, 1995).
It seems that in a broad sense the results of the documented litter surveys are 
generally in agreement with each other. Any discrepancies between data sets, if they 
exist, could be attributed to differences in the definition of the relevant category. With 
regards to hazardous packages for example, Coastwatch UK asked surveyors to record 
'potentially hazardous containers'. It is not inconceivable then to assume that some 
of those reported would not in fact pose an actual health risk. The survey is conducted 
by members of the general public therefore it was not appropriate to ask surveyors 
to handle materials they felt may be hazardous in order to confirm a health risk. This 
also raises the issue of perception. If members of the public conducting such a survey 
feel that certain items may be a hazard then this would surely be reflected in their 
opinion about the safety and cleanliness of a site. In terms of management all items 
thought to be hazardous, whether or not they were subsequently proved to be 
harmless, should be treated accordingly.
In summary, few countries have produced data on the extent and type of marine litter 
on a national scale. In general, localised surveys have been undertaken which have 
specific objectives (Dixon & Hawksley, 1980; Caulton & Mocogni, 1987; Gilligan 
et a l ,  1992). To date it has been considered inappropriate to apply a standard method 
of assessing marine debris, largely due to the differing objectives of individual studies 
and the diverse nature of coastlines world-wide (Paris & Hart, 1995). It is apparent
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though that the problem of marine debris is universal and, independent of the method 
applied, the results are broadly compatible. In particular, comparison of results from 
various studies indicate that plastics in particular are widespread in the marine 
environment (Dixon & Hawksley, 1980; Pruter, 1987; Corbin & Singh, 1993; 
Pollard, 1996; Rees & Pond, 1996) and this is confirmed by the current study. 
Whatever discrepancies exist between data sets, the definitions used by Coastwatch 
UK have not changed since the start of the survey and therefore it is appropriate to 
compare the results year on year.
It is considered that the method adopted in the present study has achieved the aims 
and objectives set out at the start of the project. It is further considered that the size 
of assessment units provide a less biased and more representative assessment of the 
condition of the UK coastline as a whole than the smaller units used by previous 
studies such as those of Dixon & Dixon (1980; 1983b); Caulton & Mocogni (1987) 
and Benton (1995). The method could be used for both large and small scale surveys 
and on coastlines with varying characteristics. The use of volunteers to collect data 
has a dual purpose - to achieve a large sample size and to raise public awareness of 
the issues surrounding the survey. It has been shown that the reporting rates by 
volunteers is consistent between groups and thus it is considered appropriate to use 
volunteers to gather data of this type. Further, as one of the objectives was to aid 
environmental education it becomes essential to involve volunteers. A number of 
recommendations applicable to large scale surveys of this kind can be made:
(1) Standardisation of categories could be developed for use in all surveys of marine 
debris to allow better comparisons between surveys. However, it is suggested that 
these are fairly broad, covering various types of material such as plastics, paper, 
sewage-related debris. Within these, each study could develop sub-categories to meet 
the specific objectives of the study.
(2) If a representative sample is to be taken then it should include all types of 
coastline, including both depositing and eroding coastlines, and not just areas with 
easy access or areas in known shipping lanes or exclusively bathing areas. If the
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survey is just to focus on one of these then obviously that should be stated in the aims 
of the survey. For a representative sample to be achieved it also seems essential to 
survey as much of the coastal zone as possible - both the intertidal and splash zones 
should be included. In terms of management strategies, particularly where tourism is 
a concern, it is irrelevant whether the litter has accumulated over several weeks as 
may be the case in the splash zone, or whether it has arrived with the previous tide. 
The litter on both zones has to be considered and removed.
(3) To achieve an accurate and representative sample, assessment units should be of 
a sufficient size so that assumptions do not need to be made. Based on the results of 
the present study it is recommended that these are at least 0.5 Km in length.
(4) If a large sample size is to be achieved volunteers are the only practical way of 
ensuring this. Providing that sufficient guidance is provided to ensure consistency of 
reporting the advantages of using volunteers exceed any potential disadvantages. 
Primarily, the use of volunteers is economical and also allows the possibility of 
follow-up work being achieved. The current project has established a network of 
committed volunteers around the UK. This volunteer workforce is, at present, only 
officially co-ordinated during the fieldwork period but regional groups could be 
established and follow-up activities in conjunction with, and on the advice of, relevant 
local authorities could be promoted. The Environment Agency have discussed the use 
of volunteers in aesthetic surveys and supports the use of volunteers in large scale 
surveys (Everard, 1995). These could be combined with 'professional surveying' in 
surveys where a high level of quality assurance or training is required, such as in 
water quality monitoring.
The documented impacts of marine debris have already been discussed in section I 
2.1. As far as the impact on tourism is concerned the issues of aesthetics and human 
health risks become important. People have actively avoided areas polluted with 
particularly offensive items leading to considerable economic losses. This was seen 
in the USA where beaches in New York and New Jersey were heavily contaminated 
by medical waste (Valle-Levinson & Swanson, 1991).
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IV 4. Medical waste
Medical waste was considered to be one of the most potentially harmful types of 
debris encountered on the coastline both in terms of actual threat (South West 
Regional Health Authority, 1991; Walker, 1991) and perceived threat (refer to section 
I 2.1.2). However, there are few verified public health risks associated with marine 
litter, apart from the direct hazards associated with items such as glass, fish hooks, 
hazardous containers and munitions and these have already been discussed in section 
12.1.2. However, contact with blood or other body fluids in medical equipment could 
potentially cause disease (Rees & Pond, 1995). Studies have associated gastrointestinal 
symptoms with the aesthetic appearance of bathing waters and beaches (University of 
Surrey, 1987) and this becomes an important issue where coastal communities depend 
on tourism. The present study showed that these items are present around the 
coastline of the UK. Indeed, the total number of items recorded per kilometre 
surveyed showed a steady increase between 1991 and 1993 - an almost five-fold 
increase was reported over this period. A considerable decrease was recorded in 1994 
over the 1993 figures with a subsequent increase in 1995. The fact that such items are 
present on the coast in any numbers raises concerns regarding perception of 
cleanliness and safety. These types of items obviously have considerable implications 
on health as well as tourism.
Comparison of the quantities of the specific categories recorded throughout the UK 
between 1991 and 1995 showed that for all items except drip tubes and drip bags 
there was a considerable variation between years. In all cases, except for tubes of 
medical cream and unspecified items, the greatest number of items was found in 1993. 
Drip tubes and bags appeared in low but consistent levels each year.
The results of this study show that the quantities of medical waste items in different 
regions are variable. However, no consistent trends were identified. For example in 
1991 and 1993 the greatest proportion of syringes were reported in Wales. In 1992 
Scotland recorded the greatest proportion of syringes and in 1994 and 1995 the 
greatest number were reported in England (Tables III 18 - III 22).
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During the study periods in 1991, 1992 and 1993, proportionally more of the 
individual categories of medical waste were found in Wales and Scotland than in any 
other parts of the UK. Four of the ten specific categories were found in proportionally 
the highest quantities in Northern Ireland in 1994. In 1995 England and Wales 
recorded proportionally more of the items in the specific categories than either 
Scotland or Northern Ireland (Appendix XI).
The reasons for the variation in the quantities of medical waste recorded in different 
regions are not apparent. Medical waste could originate from two sources - sewage 
systems or from dumping. Recently, large quantities of medical waste have been 
reported around the UK (The Sunday Times, March 17th 1996) which were thought 
to have been dumped illegally. During the 1993 survey period extreme storms were 
experienced. CSOs are designed to operate in such situations and to divert the excess 
flow to other convenient watercourses, but in many cases these are old and discharge 
prematurely. For instance, in Wales of over 2500 CSOs approximately 1200 have 
been found to be unsatisfactory (Lowe, 1995) which may lead to an increase in 
sewage-related debris, including medical waste, along river banks and beaches. This 
may account for higher numbers of those items which arrived on the shore from 
sewage pipes, such as some syringes, but it is difficult to attribute weather or 
inadequate sewage treatment works, sewer pipes and CSOs to higher quantities of 
items such as medicine bottles, inhalers or drip bags which are less likely to have 
originated from sewage pipes and are therefore assumed to have been dumped. This 
therefore raises the question of proper disposal of clinical waste. Recent figures 
showed that between 60 and 79% of hospital incinerators are not capable of reaching 
the standards set down by the Secretary of State (NAWS, 1991 as cited by Williams 
& Simmons, 1995). With the importance of the 'aesthetic and hygienic quality o f 
beaches' that has been stressed by the WHO and UNEP (WHO, 1991) this clearly 
needs to be addressed. Whether or not these items have originated from the sewer 
system or have been dumped, their presence poses threats to health and the economy 
of the area concerned. Contamination of the beaches can also affect water quality and 
it has been shown that where visible litter is found in sea water there are also likely 
to be high counts of E. coli. (University of Surrey, 1987). Thus the removal of these
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items through beach cleans might actually be misleading to the public - an apparently 
'litter-free' beach may be assumed by those visiting the area to have water quality of 
equally good standard, which may not actually be the case. Visible litter may 
therefore be important as a possible indicator of water quality. It has been shown that 
the aesthetic quality is extremely important in people's perceptions of the safety of an 
area - for instance, Ditton & Goodale (1973) showed that the attraction of an area for 
swimming requires far more than water free from faecal coliforms, and features in 
people's choice of beach (Morgan et a l,  1995). The removal of items affecting the 
aesthetic appearance of an area must therefore be a component of a local authority's 
management strategy if revenue generation by coastal communities is not to be 
compromised. However, it is essential that this does not lead the public to be misled 
about other aspects of coastal quality.
The present study has identified medical waste on the coastline of the UK and has 
suggested that such items could be used as indicators of aesthetic quality. In order for 
litter counts to be appropriate as a measure of aesthetic and potentially biological 
quality, the counts must fulfil a number of criteria (Philipp, 1992): (a) Be able to 
classify different levels of beach and water quality and reflect the density of litter 
before and after any environmental improvements; (b) be comparable with the 
conventional bacteriological and chemical indicators of water quality; (c) it must be 
possible to distinguish between the litter left by visitors on the beach and that which 
has originated from elsewhere and (d) correlations must be achieved with variations 
in the densities of people on bathing beaches and in bathing waters. Given the public's 
perception towards clean beaches and water quality and the evidence from the present 
study that items of medical waste are being recorded in substantial quantities, it seems 
appropriate to recommend that aesthetic standards are set for bathing beaches and that 
medical waste items are suitable to be used as aesthetic indicators. These have already 
been identified in the Canadian Recreational Water Quality Guidelines (MNWH, 
1992). At present, the standards for water quality and beach quality are largely 
independent and do not take into account aesthetic issues in great detail (the EU 
bathing water Directive contains only Guideline standards for aesthetic criteria). As 
beach and water quality are inextricably linked through both public health (refer to
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section I 3.2.3 for review of the health risks associated with sea-bathing and section 
12 .1.2 for health implications associated with marine debris) and economics (refer to 
section I 2.1.3) it seems appropriate that standards should take into account both 
issues. Public participation provides the greatest potential for addressing the problems 
of aesthetic pollution (Everard, 1995) and it is suggested that the method adopted in 
the present study could be adapted and applied to investigate this issue.
A significant correlation was found between the presence of seven selected litter 
categories from the major items and general items suggesting that they originate from 
largely the same source or that their level of persistence is the same. Certainly, in 
terms of the correlation between household furnishings and sanitary waste, and landfill 
materials and sanitary waste it is likely that the correlation is due to the high levels 
of persistence of the two items. The correlation between medical waste and sanitary 
waste could be attributed to the same source of both materials. The correlations were 
made between data over a wide geographical area suggesting that in general they are 
more likely to be due to the levels of persistence of the items than to similarities in 
sources. Persistent marine debris obviously causes considerable problems to wildlife 
(refer to section 1 2.1.1) and unless removed will continue to accumulate. As a short­
term solution physical action is therefore required, although as already discussed 
education is the more appropriate long-term solution. However, it is extremely costly 
in terms of manpower and money to regularly clean the coastline. This becomes more 
so if cleaning is done on isolated areas as the effect is so temporary. The nature of 
the data collected in the present study allows it to be treated in its entirety and at 
regional, county and site level. The results have therefore been investigated at all 
levels in order to find the optimum coastal litter abatement strategy for coastal 
managers.
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IV 5. Regional data 
IV 5.1. All regions
Comparison of the distribution of litter items recorded around the UK showed there 
was a significant difference between the regions for each year of survey - the litter 
was not evenly distributed between the regions. An index of pollution was developed 
based on the observed minus the expected quantities of each selected litter category 
per kilometre surveyed. This showed that in terms of individual items one or two 
regions consistently recorded the highest and lowest levels of contamination. In 1992 
for example, Scotland was the most polluted region with two of four categories for 
which counts were made - sanitary waste and drinks cans, and the South East of 
England with two - potentially hazardous containers and medical waste. In each year 
of survey the Channel Islands were consistently the least polluted region (except for 
potentially hazardous containers for which Northern Ireland was the least polluted). 
Reasons for these observations are difficult to attribute. The relatively high levels of 
sanitary waste recorded confirms the observations made by Scottish Natural Heritage 
who cite sewage-related debris as a problem in all regions of Scotland (Ash 
Consulting Group Report, 1994). The majority of sewage-related debris is generally 
assumed to have originated from sewage discharges, although there is the possibility 
of some items being dumped. The control of pollution from discharges is the 
responsibility of the River Purification Board in Scotland and discharges to the public 
sewers are under the responsibility of the regional and island councils. This is due to 
change in 1996 and responsibility for water and sewerage services will be with three 
new public water authorities (Ash Consulting Group, 1994). The results from the 
present survey indicate that in some regions there is inadequate treatment processes. 
Compliance with the UWWT Directive (CEC, 1991a) (refer to section 1 4.2.2) must 
largely be achieved by the year 2000 and from then all discharges from areas with 
populations of 2000 or more require secondary treatment before discharge to the
y
marine environment. A reduction in the quantities of sewage-related debris should 
therefore be seen from this time. It is clear from the recent epidemiological studies 
(refer to section I 3.2.3) that adequate treatment is required to protect human health
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and it is acknowledged that the presence of items such as sanitary towels and raw 
sewage on beaches is a potential health hazard (Philipp, 1993; The Independent April 
4th, 1996).
Drinks cans originate from either visitors to the coastline and/or ships. It is not 
possible to conclude with certainty which source was most common. The conclusions 
made by the TBG Marine Litter Research Programme (which included sites in the 
Western Isles of Scotland) were that the main source of beach litter is from remnants 
of shipboard-generated solid wastes disposed of at sea (Dixon & Dixon, 1983b; 
Dixon, 1995b). However, Caulton & Mocogni (1987) disagreed and concluded that 
in the Firth of Forth the majority of litter originates from unauthorised dumping and 
that very little comes from overseas via tidal wash. The present study cannot identify 
the origins of litter items but tends to agree with Caulton & Macogni (1987). The 
nature of the items recorded in large quantities - drinks cans, paper drinks containers 
and sanitary waste - seem to point to land-based origins as the major sources. This is 
in agreement with the conclusions made by Pollard (1996) that of the litter recorded 
in the 1995 Beachwatch survey only 30% could be attributed to ocean-based sources. 
In terms of management both sources should be targeted. It does not seem appropriate 
to generalise on the source of litter in a large-scale survey as there are so many 
variables in the regions surveyed. The South East of England for example, has busy 
shipping lanes in the Solent possibly accounting for high numbers of potentially 
hazardous containers there. Industry that relies on shipping is also extremely common 
around the South East of England - Fawley Oil Refinery for example is located in the 
Southampton Water. There are a large number of boatyards in the Solent and 
Portsmouth is a commercial port, contributing to the likely loading (Hampshire 
County Council, 1991). However, the South East of England also has a number of 
major tourist resorts which are likely to contribute to their own litter. The level of 
beach use will always influence the quantities and distribution of litter as do physical 
and temporal factors. The Channel Islands are obviously extremely popular tourist 
destinations, therefore vulnerable to litter arising from these activities and they are 
also subject to litter from shipping. However, results from the present study show that 
this region was generally less polluted than other regions studied.
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In 1993 the North West of England and Scotland were the two areas most heavily 
polluted by the various categories of litter investigated. The North West of England 
recorded the highest levels of sanitary waste, drinks cans, paper drinks containers and 
glass items in this year. The extremely high numbers of sanitary waste items were 
largely confined to a small number of sites in this region. The surveyor groups 
responsible for these sites confirmed the high counts when queried. On one unit in 
Allonby Bay tampon applicators were reported every 10 - 15 metres (N. Hammond, 
pers. comm.). Part of the area surveyed and producing such high results was a 
military area, not cleaned regularly and litter is likely to accumulate over several 
years. There are also nine principal sewage outfalls along the coastline in West 
Cumbria - Whitehaven South Beach, Parton, Harrington, Salterbeck, German Arch, 
Northside, Lowca, Flimby and Maryport. The surveyor group reported that strong 
South/South East winds often carry sewage-related debris ashore and it was estimated 
that in the Allonby Bay-Beckfoot region 1500 items of sanitary waste come ashore per 
kilometre per tide (N. Hammond, pers. comm.). The group counted 8 - 1 2  items per 
metre on the high tide line during the survey. They did not count the items in the sand 
dunes but estimated that similar numbers were there. The poor weather conditions 
during this survey period seem likely to have contributed to the high counts. In 
response to the results the surveyor group met with the local authority and a local 
clean-up was undertaken by Allerdale Borough Council - over a 20 Km stretch. This 
provides direct evidence of Coastwatch UK acting as a management tool.
In 1993 Scotland was recorded as the region most polluted with potentially hazardous 
containers and plastic bottles, indicating that at least some of the litter recorded in this 
region may originate from ships. The Channel Islands were found to be the region 
least polluted by the selected litter items in this year. Wales was the region least 
polluted with sanitary waste in this survey period. This is in conflict with the results 
obtained for syringes in 1993 discussed in the previous section, perhaps confirming 
that syringes reach the marine environment from two pathways.
The sites in the North West of England which recorded extremely high numbers of 
sanitary waste were excluded in the 1994 survey to remove any distorting influence.
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However, despite this the North West of England remained the region most polluted 
with the majority of litter items, although considerably fewer items of sanitary waste 
were recorded. The North West of England was also the region most polluted with 
paper drinks containers, glass items and plastic bottles. Consistent with 1993 Scotland 
was the area most heavily littered with potentially hazardous containers. Northern 
Ireland was the area most heavily littered with drinks cans in 1994. Once again the 
Channel Islands was consistently the area least littered with any of the items.
The survey was not designed to identify the origin of the litter but has its strengths 
in allowing broad conclusions to be made concerning its distribution and quantity. All 
items of litter recorded showed an uneven distribution between years. No clear trends 
could be identified regarding the most polluted regions except that it appears that 
Scotland and the North West of England are more frequently polluted than regions in 
the South West, North East and East of England. Wales, the South East of England 
and Northern Ireland showed isolated incidence of high levels of pollution with the 
selected items but this was not consistent over the three years of survey. A range of 
factors could influence the amounts of litter recorded in the different regions, 
accounting for the variations from year to year. In terms of quantities, location is 
obviously an important factor as it influences the use of the region. Thus the number 
of visitors to a region will be an influencing factor, as well as the level of shipping 
and industry. Environmental factors such as weather and tidal patterns undoubtedly 
influence the distribution of litter (Corbin & Singh, 1993).
Tidal patterns and their effect on litter distribution were not considered in the survey 
and this is a factor that should be considered by those using the data to influence their 
management policies. The National questionnaire estimated the number of visitors on 
the coastline during the survey period and weather was considered briefly to indicate 
if it had any influence on the condition of the coastline (refer to section II 3.2.3.). 
Again, it is a factor that could be investigated in more detail when applying the data.
The Channel Islands were consistently found to be the least polluted region and 
therefore at first sight the coastal management in this region may be considered as an
example of good practice. However, communication with the States of Guernsey 
Board of Administration responsible for coastal management showed that as far as 
cleaning is concerned the regime is very similar to that carried out in other regions 
studied (D.O. Le Conte, pers. comm.). The beaches on Guernsey are cleaned 
manually five times a week in the winter and seven times a week in the summer. 
Legislation to control dog fouling is enforced and the authorities provide what they 
consider to be 'ample litterbins' throughout the island (D.O. Le Conit, pers. comm.). 
Sewage in Jersey is subject to screening, settlement, activated sludge oxidation, 
secondary treatment and UV disinfection and it appears that this is successful in terms 
of improving the water quality and in reducing the quantities of sewage-related debris 
and medical waste appearing on the coastline, although there still exists a problem 
with bacterial loading at coastal sites from natural discharges such as streams (Wyer 
et a l,  1994). The beaches are also cleaned daily by hand but this is not an 
exceptional management procedure, especially where tourism is important. A recent 
survey undertaken by Ash Consulting Group (1994) of the cleaning regimes 
undertaken by district councils in Scotland showed that in the majority of cases 
regular cleaning takes place between May and September (as required under the 
Environmental Protection Act, 1990). A small number of identified beaches are also 
cleaned out of season - for example Aberdeen beach is cleaned daily by hand; 
Portobello, Cramond and South Queensferry are cleaned at least twice a day, seven 
days per week from May-September and between October and April once per day. 
Clearly, cleaning is only a short-term method of litter abatement. External factors 
influence the distribution of litter and it is therefore ineffective to carry out cleaning 
in isolated regions. A possible explanation for the lower levels of items such as drinks 
cans and plastic bottles (excluding sanitary and medical waste which is 'managed' by 
the water authority) on the Channel Islands may be nothing to do with the 
management but that they are relatively isolated from influences of other 'regions' and 
thus cleaning is more effective because on each island it can be carried out at a 
consistent level over the entire area. A real reduction is therefore achieved rather than 
a temporary one. In contrast, regions on the mainland UK are influenced by adjacent 
regions. Inconsistencies in cleaning regimes occur and therefore although one region 
may be cleaned the improvement is only temporary because of the influence of the
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adjacent regions. Three regions were selected to further investigate this - two of 
which were adjacent.
IV 5.2. South East region of England
The data was tested for differences in the quantities of litter observed compared with 
that expected if the distribution was even from year to year. It was found that there 
was a significant difference between the observed and expected values. Therefore 
litter was distributed quite differently between years within the region. A number of 
factors may influence this, as already mentioned in section IV 5.1 above. In 1992 
more potentially hazardous containers and plastic drinks bottles than expected were 
recorded, although fewer than expected sanitary items and drinks cans were recorded. 
In 1993 all items counted except sanitary items were recorded in quantities fewer than 
expected. This is consistent with IV 5.1 above concerning the high number of sanitary 
items reported in other parts of the UK in 1993. Reasons for the fewer cans and 
plastic bottles than expected are not clear. However, as the weather was particularly 
bad that year, and it is suspected that the majority of these items originate from 
visitors, fewer visitors could logically result in fewer such items. The South East 
region of England showed a steady improvement regarding the numbers of potentially 
hazardous containers recorded between 1992 and 1994. Other litter categories did not 
show such an improvement. In 1994 quantities of all litter items - except potentially 
hazardous containers - were greater than expected.
Unmatched t-tests showed that in general there was no significant difference in the 
quantities of litter found from year to year. The only exceptions were in the quantities 
of paper drinks containers recorded between 1992 and 1994 and between 1993 and 
1994 on the sites surveyed in the South East region of England and in the quantities 
of medical waste recorded between 1992 and 1993. Such variation could be due to 
factors associated with the different sites surveyed. However, comparison of the 
fifteen sites surveyed in the South East of England in all three years eliminates any 
variation due to different survey sites. In this case the only item to show a significant 
difference between any of the years of survey was paper drinks containers - more
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being recorded in 1993. Thus numbers of all the litter items investigated, except paper 
drinks containers, showed no significant change in this region during the three-year 
study period. This supports the findings of Day & Shaw (1987) who estimated that 
intervals of between five and ten years are required to see a change in the abundance 
of plastic over large geographic regions and the present study suggests that this is 
applicable to other materials. The results of the present study suggests that on those 
sites surveyed, paper drinks containers are the only item to be affected by 'external 
factors'. The other items are present on those sites at quantities that do not change 
greatly from year to year or take many years to show a change and that the quantities 
are not influenced by variable factors such as weather. A baseline level of these items 
therefore exists. Whilst distribution of the litter that is observed on each site changes 
the results suggest that there was not any change concerning the quantities of litter 
recorded in this region between 1992 and 1994.
IV 5.3. East region of England and Grampian region of Scotland
Similar comments can be made for the other two regions investigated. In both the East 
region of England and the Grampian region of Scotland there was a significant 
difference in the quantities of litter observed compared with that expected if the litter 
was evenly distributed between the years of survey. Therefore in all cases in a wide 
geographic area (in this study considered to be 'regional' size - refer to Table III 23) 
the distribution of litter is affected from year to year. Thus an unpredictable and 
variable factor appears to be influencing the distribution of litter found in any region 
at any time. In the East region of England unmatched t-tests showed no significant 
difference in the quantity of litter reported between the years. Comparison of thirteen 
sites which were surveyed every year showed, in general, no significant differences 
in the quantities of litter found. Consistent with the results for the South East region 
of England, paper drinks containers were found in variable quantities from year to 
year but other items generally appear to take a longer period than three years to show 
any change in quantity.
This was also confirmed in the Grampian region where unmatched t-tests showed a
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significant variation in the quantity of paper drinks containers between 1993 and 1994, 
and medical waste between 1992 and 1994. Of the six sites surveyed each year, no 
significant difference was recorded in the quantity of litter found during the survey 
period 1992-1994.
The present study suggests that periodicity is a concept that should be considered 
when investigating changes in litter characteristics. This may also become important 
in terms of litter abatement schemes. Inevitably, because the survey sites are 
influenced by incidental and 'external' factors, such as visitors, weather and tidal 
patterns which may add to the litter on the beach, some items will show variation 
from one year to the next. In general, it appears that at a regional level, temporal 
differences in abundance of plastics, sanitary waste, medical waste, drinks cans and 
glass occur more slowly than three years. However, distribution of these litter items 
is affected from year to year. It is therefore appropriate for local authorities within 
a region to work together to reduce the amount of litter. It is not possible from this 
survey to conclude with certainty whether it is the same litter circulating around the 
region but it is certain that the same quantity of litter has remained in the regions over 
the period of survey. The only item to consistently record a difference in quantity is 
paper drinks containers, which could possibly be attributed to the degradation time of 
paper in comparison to other items. Although estimates vary, UNEP estimate that 
paper in the form of a bus ticket takes only 2-3 weeks to degrade in the marine 
environment whereas a plastic bottle could take up to 400 years (Editorial, 1990).
IV 5.4. Comparison between the South East of England, East of England and 
Grampian region of Scotland
The quantities of litter recorded in each region were compared using unmatched t- 
tests. Comparison between the South East and East regions of England showed very 
little difference - potentially hazardous containers in 1993 were the only item to show 
a significant difference - a higher average of containers was recorded per kilometre 
surveyed on the sites surveyed in the East region of England (Table III 35; Appendix 
XII). More variation was recorded between the South East of England and Grampian
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region of Scotland but results were not consistent from year to year. For example, 
significantly fewer items of sanitary waste were recorded in the South East of England 
in both 1992 and 1994, as were potentially hazardous containers in 1992 and 1993 
(Table III 36). Similarly, the East of England and Grampian region of Scotland 
showed some significant variations but less so than those between the South East of 
England and Grampian region of Scotland (Table III 37).
From these observations it appears that there may have been an optimum geographic 
size beyond which a variation in quantity of litter was recorded over the survey 
period. Very little variation was recorded from year to year between the South East 
and East regions of England which are adjacent. However, between the Grampian 
region of Scotland and either of the aforementioned regions, much more variation in 
quantity was observed. The greatest variation was noted between the two regions 
furthest apart - the South East of England and Grampian region of Scotland. This 
supports the observations made in IV 5.2 that local authorities within a region and 
possibly between neighbouring regions, should be working together. Thus local 
authorities in the South East region of England - Hampshire, West and East Sussex, 
Isle of Wight, Kent and Essex should be co-operating with each other and with 
Suffolk, Norfolk and Lincolnshire if a real reduction in the quantities of litter are to 
be recorded.
TV 6. County results
IV 6.1. Investigation into quantity of litter recorded in Hampshire, Norfolk and 
the Moray District
From the observations described in section IV 5.4 it is expected that there would be 
very little variation in the quantities of litter recorded between the years of survey 
within a county, but a significant difference in distribution from year to year. This 
was confirmed by comparing the data collected within Hampshire, Norfolk and the 
Moray District between years. Within each county no significant difference was 
recorded in the quantity of litter reported in any of the years of survey. Matched t-
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tests compared those sites which had been surveyed each year, eliminating any 
variation due to site. In both Hampshire and the Moray District no significant 
difference was recorded in any of the items between the survey years. Any external 
factors affecting litter thus affects each site evenly in these regions. In Norfolk three 
litter items were recorded in significantly different quantities between the survey 
years. Further investigation demonstrated that of the sites surveyed, Sheringham 
consistently recorded the highest quantities. With this one exception therefore, the 
findings are as expected - that at county size temporal variation in the quantity of litter 
is not apparent within a three-year period. Paper drinks containers were again shown 
to be an exception, confirming the consistent trend identified by investigating the 
regional data (sections IV 5.2, IV 5.3. and IV 5.4). It is suggested that the current 
policies undertaken in these counties regarding litter management has therefore had 
no effect on the quantities of litter recorded during the survey period. Any cleaning 
procedures undertaken in isolation - within one county - are likely to be short-term 
solutions.
IV 6.2. Comparison between counties
Comparison between counties indicated that a significant difference was recorded in 
the quantities of three litter items between Norfolk and Hampshire in 1993 (Norfolk 
returned more items of potentially hazardous containers, glass and plastic bottles than 
did Hampshire). Norfolk recorded significantly more paper drinks containers and 
packing straps than did the Moray District in 1993. Thus in 1993 some factor caused 
an increase in litter in Norfolk. As already discussed in section IV 5.1, weather in 
1993 may have been a factor which could be responsible for higher levels of debris 
than normal. Hampshire recorded more items of packing straps than did the Moray 
District in both 1993 and 1994 but there was no significant difference in any of the 
other items. Moray District consistently recorded fewer items than did the other 
counties. This could be attributed to differences in management techniques but 
previous conclusions were that the management in all three counties was having no 
significant effect on the quantities of litter recorded from year to year (section IV 
6.1). Therefore it may be that the baseline level of litter in the Moray District is
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lower than that in Hampshire and Norfolk and that the litter management undertaken 
in the Moray District is still ineffective in reducing the quantities of litter. Consistent 
with previous comments and observations in section IV 5.2 the distribution of litter 
within these counties showed a significant difference from year to year.
IV 6.3. Comparison of quantities of litter between neighbouring counties
The counties adjacent to both Hampshire and Norfolk were examined to see if there 
was an optimum geographical size beyond which the quantities and distribution of 
litter varied. Thus comparisons between Hampshire and Sussex showed that with only 
four exceptions (sanitary items and plastic bottles in 1992; sanitary items in 1993; and 
potentially hazardous containers in 1994) there was no significant difference in the 
quantities of litter found from year to year. In both these counties the litter was not 
evenly distributed between the years, thus supporting the hypothesis that the 
distribution of litter changes from year to year, but the quantities do not. This was 
also confirmed by comparing Suffolk with Norfolk. No significant differences in the 
quantities of litter were found from year to year between these counties. This confirms 
that neighbouring local authorities must collaborate and co-operate to reduce the 
quantities of litter found. The study could be extended to find the optimum size 
beyond which a variation in quantity is found. It appears from the present study that 
a variation existed between the East region of England and Grampian region of 
Scotland, suggesting that either these two regions are not affecting each other or 
different factors are affecting these two regions. The benefits from collaborating in 
this instance may be considered marginal. Neighbouring regions seem to show very 
little significant variation in quantity of litter and therefore could be affecting each 
other in some way. This could be due to a variety of factors - tidal patterns or 
weather may be transferring the litter between the regions. It is therefore appropriate 
for these regions to promote a collaborative approach to beach litter management. The 
present study has shown that it is largely ineffective for local authorities to work in 
isolation.
317
IV 7. Site results
IV 7.1. Investigation into quantity of litter on six selected sites
The quantity of litter recorded on the sites investigated was initially compared between 
years. Following previous discussions in section IV 6.1 and IV 6.2 it would be 
expected that within sites there may not be any significant variation in the quantity of 
litter found over the three survey periods. Of the six sites investigated, very little 
variation was found between the years in four of the sites, with Southsea and 
Sheringham as exceptions. Southsea and Sheringham are both tourist resorts, thus 
baseline levels of litter may be more likely to be affected by incidental factors such 
as visitor numbers.
At Barton on Sea, paper drinks containers were the only item to show any significant 
difference between years (Table III 53). Barton on Sea is a non-identified bathing area 
but is cleaned by hand by New Forest District Council daily between May and 
September and 'as required between April and October' (M. Cash, Operations 
Manager, pers. comm.). A  greater variation in the amounts of litter reported was 
found on the identified site - Southsea - compared with the non-identified site - Barton 
on Sea - in Hampshire (Tables III 53 and IB 54).
In Norfolk more variation was also recorded on the identified bathing area compared 
with the non-identified area. At Sheringham the quantities of all selected litter 
categories, except potentially hazardous containers and medical waste, varied between 
the years - the greatest variation between 1993 and 1994 (Table III 55). However, 
there was no consistency in identifying in which year the most litter was recorded - 
for example packing straps, sanitary items and drinks cans were found in their 
greatest quantities in 1992; paper drinks containers and glass were more prevalent in 
1993 than in any other year and plastic bottles were most frequently recorded in 1994. 
Less variation was recorded on East/West Runton. The only items to be recorded in 
significantly different quantities in any of the years of survey on this site were paper 
drinks containers and drinks cans (Table IB 56). Paper drinks containers were found
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at their highest frequency in 1993 and drinks cans in 1992. In Hampshire, both 
Southsea and Barton on Sea are cleaned daily between May and September and as 
required between October and April. In Norfolk, East/West Runton is included in the 
cleaning schedule that Sheringham is subject to.
In the Grampian region of Scotland there was very little variation in the quantity of 
litter recorded at either site. At the identified bathing area - Lossiemouth East, there 
was no significant variation in any of the litter items. At Burghead Bay the only item 
to show any significant variation was plastic drinks bottles between 1992 and 1993 - 
a greater number being recorded in 1992 (Tables III 57 and III 58).
IV 7.2. Comparison of identified bathing areas with non-identified bathing areas 
in the same county
Results for the identified bathing areas were then compared with non-identified 
bathing areas within the same county (section III 9.2). A significant difference was 
recorded between the sites for three litter types and in two of these more items were 
recorded on the identified site. More variation was seen in the quantities of litter 
between sites than between counties or regions. This is to be expected as a 'site' in 
the present study only covers 5 Km, whereas the area covered in counties and regions 
are much greater (refer to Table III 25) and therefore any variations due to 
characteristics of the site are more apparent on the smaller area.
In the Grampian region of Scotland only one item showed a variation in quantity. 
More plastic bottles were recorded on the non-identified bathing area (Table III 61). 
Burghead Bay is not an amenity beach and is not subject to the routine clean-up 
undertaken by Moray District Council fortnightly between April and October on all 
identified amenity beaches (S. Williamson, pers. comm.). It therefore appears that the 
cleaning regime undertaken by the local authorities is not particularly effective on the 
sites selected. Burghead Bay is the only site of the six selected which is not subject 
to routine cleaning and, when compared with a site that is being cleaned routinely in 
the same county, it was found that only one item showed a significant variation in
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quantity.
IV 7.3. Comparison of identified bathing areas between counties
Consistent with previous observations, more variation was recorded in the quantities 
of litter between sites. In 1992 the most variation was recorded between Southsea and 
Sheringham - packing straps, drinks cans and sanitary items showing significant 
differences, and in all cases more items were recorded on Sheringham (Table III 68). 
In the same year, plastic drinks bottles were found in significantly different quantities 
between Sheringham and Lossiemouth East - once again more items being found on 
Sheringham (Table III 70). All sites in all counties are cleaned outside the tourist 
season, a litter pick is undertaken on Sheringham beach four times per week for four 
weeks in the winter whereas Lossiemouth East is cleaned fortnightly throughout the 
winter season. In 1993 no significant differences were found between any of the 
identified sites for any litter item (Tables III 68 - 70). In 1994 plastic bottles were 
recorded in significantly higher numbers at Sheringham than at Southsea and 
Lossiemouth East (Tables III 68 and III 70). Paper drinks containers were the only 
other item to show a significant difference - more items were recorded on Southsea 
than Lossiemouth East (Table III 69).
TV 7.4. Comparison of non-identified bathing areas between counties
In common with the identified bathing areas (section IV 7.3) the most variation 
between non-identified bathing areas was recorded in 1992. A significant variation 
was recorded in the quantities of plastic drinks bottles between all the sites - the most 
items recorded at East/West Runton; a significant variation in the quantities of drinks 
cans was recorded between Barton on Sea and East/West Runton - more recorded at 
East/West Runton (Table III 71); Packing straps recorded a significant variation 
between Burghead Bay and East/West Runton - more being recorded on East/West 
Runton (Table III 72); and paper drinks containers recorded a significant variation 
between Barton on Sea and Burghead Bay - more items recorded at Burghead Bay 
(Table III 73). As with the identified bathing areas no significant variation was
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recorded between any of the sites in 1993. In 1994 the only significant difference was 
recorded between Burghead Bay and East/West Runton where more paper drinks 
containers were recorded at Burghead Bay.
IV 7.5. Comparison of identified bathing areas with non-identified bathing areas 
between counties
Comparisons of sites between counties all showed some variation in quantities of litter 
but there was no consistency concerning whether identified or non-identified bathing 
areas showed more or less variation. This confirms previous comments concerning 
management. Identified bathing areas are not significantly or consistently less littered 
than non-identified bathing areas. From the results of this study, present management 
strategies and legislation appear to be ineffective in producing long-term 
improvements in the sites studied. This may be attributable to the influence that 
adjacent sites/counties/regions have on each other on a regional level. The Channel 
Islands were shown to be consistently cleaner than any other region. This was the 
only region investigated that does not share any boundaries with any UK region. The 
Channel Islands are tourist resorts and are subject to influences from shipping, yet 
there was consistently less litter found on these shores. The cleaning regimes were not 
significantly different from those investigated in other regions, suggesting that once 
the Channel Islands are cleaned they are not significantly affected by litter from an 
adjacent region.
IV 8. Seasonal variability
Investigations into the quantities of litter recorded at various sites throughout the year 
showed that only two items were affected by the month of survey - plastic drinks 
bottles and glass. Surveyors made counts of the various litter items in December, 
March and June. This coincided with the height of the tourist season when most 
visitors would be found and also when the cleaning programme undertaken by local 
authorities is underway. A period in the middle of winter was also chosen when it is 
likely that the fewest visitors would be found and beach cleaning is less frequent. A
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third sampling period was selected in March, as a period just before the start of the 
tourist season when some authorities may be undertaking pre-season cleaning and 
some visitors could be expected. The results indicated that litter can be expected 
throughout the year in consistent quantities. This supports other work undertaken by 
the University of Glamorgan which also concluded that seasonality has very little 
effect on the quantity of litter found (Simmons & Williams, 1992). Thus it is a logical 
extension that cleaning programmes appear to have very little effect in reducing the 
amount of litter on the coastline. The results of the present study indicate that the 
Coastwatch UK survey provides a representative picture of the coastline at any time 
throughout the year. Season can therefore be eliminated as a source of variation in the 
quantities of litter recorded. This series of surveys demonstrated that the quantity of 
all litter items, except packing straps and potentially hazardous containers, were 
affected by the identity of the site. Those two items were not affected by season or 
site, and are found at similar levels throughout the year and throughout the regions 
surveyed.
The data collected from the three sampling periods described above was segregated 
into regions and compared. Once again, season did not affect the quantity of litter 
found in any of the regions. However, paper drinks containers, sanitary items, glass 
and drinks cans were affected by the region. The mean values of items found show 
that paper drinks containers were found in greater quantities in Wales, sanitary items 
in the South East of England, glass in the East region of England and drinks cans in 
the South West region of England.
IV 9. Investigation into current beach litter policies in selected counties
There does not appear to be any consistency between local authorities incorporating 
beach litter policies into formal management plans. It may be considered therefore, 
that at present, overall control of beach litter is occurring only in response to the 
legislation in place. It is a logical conclusion then that the policies are short-term. This 
was confirmed when the same authorities were asked to comment on their current 
approach to monitoring and potential long-term strategies relating to beach litter
(Table III 84 a,b). Very few long-term monitoring strategies appear to be in place in 
the authorities questioned although the majority of the respondents saw value in 
introducing the suggested practices (all previous information concerning the current 
beach litter management policies was received by personal communication with 
representatives from the local authorities). This appears to be in line with the current 
procedures of many other local authorities around the UK, particularly in Scotland 
(reviewed by ASH Consultancy Group, 1994). It is clear that coastal management has 
progressed considerably in recent years and the issue and management of marine 
debris as a small part of that has been recognised as a global and long-term problem. 
Considerable funds are invested in cleaning programmes in each authority but at 
present it appears that each is working in isolation. Integrated CZM has been 
identified as the most effective technique to ensure the long-term future of the coastal 
zone. It therefore seems appropriate to recommend that long-term programmes should 
be adopted for beach litter management. The present study aims to identify the most 
effective approach for local authorities to achieve long-term solutions and to evaluate 
a long-term monitoring programme which can be used as a tool for local authorities 
in dealing with beach litter as part of wider management of the coastal zone.
Chapter V
RECOMMENDATIONS AND CONCLUSIONS
V 1. Recommendations for further work and further uses of the Coastwatch UK 
project
The Coastwatch UK survey and the data collected by the scheme has a number of 
applications which are useful to coastal managers. The identified applications also 
raises the potential for further investigation based on the data collected in the present 
study:
V 1.1. As an indication of the condition of the coast
The survey, in its present form, provides a snapshot of the condition of the coastline. 
The method of data collection is considered reliable and the data has been collected 
in a form which allows annual comparisons on a national, regional and local scale. 
It was not within the objectives of this study to undertake a national survey on a more 
frequent basis but the infrastructure exists for more frequent monitoring which could 
be undertaken on a local scale to assess the condition of individual sites as requested 
by coastal managers. It is suggested that the data collected through Coastwatch UK 
could be used in conjunction with other monitoring programmes such as the official 
water quality programmes to provide a more comprehensive and integrated measure 
of the condition of the coastline.
V 1.2. As an index of the degree of pollution
An index of the degree of pollution has been created using the data collected in the 
present study which can be used to monitor the levels of individual items of litter. 
This has the potential to be used as an indicator of the effectiveness of litter abatement 
programmes and legislation. To date, five years data has been collected and it is thus 
considered that the baseline levels of pollution have been identified. Continued 
monitoring beyond the introduction of specific environmental improvement schemes
324
or legislation will assess their success. Following enforcement of the UWWT 
Directive (CEC, 1991a) in the year 2000, an improvement is expected in the 
quantities of sewage-related debris on the coastline. Thus continued monitoring of the 
quantities of these items will determine whether this legislation is effective. Local 
schemes can be assessed in a similar way.
V 1.3. As an indicator of aesthetic health markers
Modification of the questionnaire used in the Coastwatch UK survey has allowed a 
more detailed data collection process for medical waste. The potential exists for 
further investigation, using the data collected, into the link between visible litter and 
the quality of the adjacent water. This could lead to the establishment of a 
supplementary set of criteria to measure water and beach quality, based on aesthetic 
health indicators as recommended by the WHO (1993) and currently being 
investigated by the Environment Agency (NRA, 1996). In order to be able to use 
litter counts as measures of aesthetic and biological quality, a suitable monitoring 
scheme must be adopted. It is suggested that Coastwatch UK survey provides a 
suitable method and that medical waste items are potential indicators of aesthetic and 
biological quality.
In order to be used as indicators of environmental quality of the coastline the levels 
of these items need to be assessed before and after the introduction of any schemes 
to improve the quality of the coastline. Thus, in accordance with the comments made 
in (V 1.2) above, the data already collected has established the baseline levels of 
medical waste on the shores. Continued monitoring will allow the measurement of the 
success of various environmental schemes and legislation.
V 1.4. Further analysis of the data
A vast data set has been collected through the Coastwatch UK surveys. This thesis has 
only analysed a section of it. Some examples of further analysis include: (a) The 
microbiological data could be compared with that collected during the DoE Health
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Effects of Sea Bathing studies (Pike, 1994) and other studies (EC, 1995b) and further 
conclusions made as to the reliability of the sampling procedures undertaken. In 
addition, the methodology used in the microbiological tests could be further developed 
to produce a cost-effective and reliable portable test kit for use by schools and 
environmental groups; (b) the litter data could be compared with the official annual 
water quality results and conclusions made as to whether litter counts could be used 
as aesthetic indicators of water quality; (c) medical waste data is currently being 
collected in Spain and Denmark and will be analysed in conjunction with that of the 
UK; (d) data concerning the public's perceptions could be further analysed. This, in 
conjunction with further monitoring work concerning beach and water quality could 
be useful in auditing the various beach awards currently in place. Thus analysis could 
be confined to those beaches in possession of a European Blue Flag or Seaside 
Award; (e) the litter data could be analysed in conjunction with tidal and sea current 
data to try and establish the route of litter.
V 1.5. Development of further survey work to identify origins of the debris
Identification of the proportions of debris originating from the land or sea could be 
undertaken and the results used to target awareness campaigns and monitor legislation. 
There are a number of ways this could be undertaken. At present surveyors are asked 
to record the markings on litter if obvious. A crude estimation of the proportion of 
litter originating from foreign countries can therefore be made. On a smaller scale a 
beach could be cleared of all debris immediately after high tide. The beach would be 
cleared again immediately before the next high tide, all litter recorded in this period 
could be attributed to land-based sources. Following the next high tide, all litter 
recorded in this period could be attributed to sea-based sources. This would give a 
crude estimate of the quantities of litter attributable to both sources.
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V 1.6. As an educational tool and thus as a contributor to long-term solutions to 
marine pollution
The present study has provided the opportunity for thousands of volunteers to 
participate in coastal management issues. Their direct involvement in the data 
collection process has raised public awareness about the condition of the coastline. 
The subsequent dissemination of the information collected in the form of an annual 
report aids this process further by involving groups, organisations and individuals who 
were not directly participating in the survey. The development of the 'resource file' 
aimed to encourage year-round involvement in coastal issues. The follow-up activities 
and the survey itself fulfilled a number of requirements of the National Curriculum 
(HMSO, 1989a,b), thus aiding formal education. The success of the project in these 
terms was confirmed by the involvement of a large number of schools and colleges 
in the project each year. However, far more could be achieved in terms of public 
understanding both through the formal education system and through wider public 
participation in the process. The present study asks people to consider their own 
conduct in terms of responsibility for the coast, in terms of waste management 
processes and in terms of partnerships to address these issues. The liaison achieved 
with local authorities, commercial organisations, public bodies and hundreds of 
schools nationally demonstrates this. The educational aspects of the project could be 
expanded by the production of additional materials for the distribution to schools. In 
addition, there are a number of other ways of disseminating the project to a wider 
audience: (a) the production of a training/recruitment video for circulation to 
participating schools, colleges and local interest groups; (b) the data could be mapped 
using geographical information systems and issued to schools/colleges for use on 
computer; (c) the Internet provides an outlet to a vast network of interest groups 
which can be exploited to recruit volunteers and disseminate the results. The limiting 
factor in expanding the educational aspects of the survey is resources.
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V 1.7. As a source of volunteers which could be involved in coastal management 
issues on a local scale
At present the survey is organised formally on an annual basis, but the infrastructure 
exists for more frequent monitoring by individual groups. A network of committed 
volunteers has been established and additional survey work could be organised at the 
request of coastal managers. This could potentially save local authorities considerable 
resources. Regional training events could be established, allowing volunteers to meet 
and plan for survey work. The presence of a local authority representative in such 
events, or prior discussion, could provide ideas for follow-up work.
The involvement of local communities and users has been recognised as one of the 
most critical factors in the success of CZM programmes (Gubbay, 1996). The interest 
of the public in the present survey has confirmed their concern with coastal issues. 
The survey promotes a responsible attitude to the coast and by working with all 
interest groups and targeting public understanding provides a means of aiding coastal 
authorities in their role in coastal protection.
V 2. Recommendations to facilitate the improvement of beach quality
From the findings of this study a number of recommendations can be made to 
facilitate the improvement of beach quality.
V 2.1. Co-operation between local authorities
Local authorities are advised to work together on a regional level to reduce the 
quantities of litter in the marine environment. This may involve the development of 
regional beach management plans, including beach litter management policies. At 
present this is only implemented at county level. The findings from the present study 
indicate that the quantities of litter found are influenced by neighbouring counties. 
This suggests that beach litter policies implemented in isolation are ineffective. Litter 
abatement policies should be developed for much wider geographic areas so they are
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consistent and produce long-term results rather than the temporary reductions in beach 
litter currently apparent. It is suggested that these policies include a combination of 
local legislation which is properly enforced, education and public awareness 
campaigns together with effective waste management schemes. Obviously resources 
become a limiting factor but it is suggested that whatever schemes are promoted they 
must be applicable to the entire region rather than isolated areas if they are to be 
effective. This approach allows coastal managers to be proactive so that areas that do 
not at present have obvious problems with marine litter will hopefully not develop 
such problems. Monitoring schemes such as Coastwatch UK can provide a tool for 
coastal managers to monitor the effectiveness of such schemes. Data collection by 
volunteers is impartial and provides an economical method of gathering information 
on a local, as well as a large, scale. In addition, the involvement of the public in such 
schemes raises awareness and increases the understanding of issues surrounding CZM.
V 2.2. Development of aesthetic standards for bathing beaches
The importance of aesthetic standards has been increasingly recognised by a number 
of official bodies and the findings from this study support the need for a revised water 
quality classification scheme that includes aesthetic standards for bathing beaches. The 
importance of the public's perception of beach quality has been identified and the link 
between beach and water quality discussed. The present study has identified potential 
aesthetic health indicators for use in such a scheme.
V 2.3. Development of a beach registration scheme
It is suggested that beaches (including associated bathing waters) are registered on a 
central database and information concerning water quality, aesthetic issues, physical 
characteristics and climate are regularly updated and available to the public in 
preference to the current beach award systems. Such a system requires a 
/  standardisation of sampling strategies so that results are comparable. It also requires
/  co-operation and co-ordination between a number of organisations and authorities but
there are considerable advantages in such a system. A quality assessment scheme aids
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the process of integrated coastal management as it automatically links a variety of 
information, from a large number of bodies and organisations into a network, which 
would normally have remained isolated. Such a scheme also provides a tool for 
coastal managers to aid in planning and improving the quality of the coastal zone. Of 
particular importance, the scheme would provide a reliable, unbiased and easily 
accessible public information system.
V 2.4. Liaison of local authorities with local communities
Liaison of local authorities with schools, local interest groups and community groups 
to involve them in appropriate coastal management issues could have the dual purpose 
of raising public awareness and save local authorities resources. The network of 
volunteers established through the present study can be capitalised upon by 
collaboration with the Coastwatch UK co-ordinating office and subsequent 
mobilisation of local volunteers to undertake tasks specified by the local authority. 
These could range from undertaking physical tasks such as beach cleaning or 
monitoring to involvement of the public in consultation. At present, consultation 
concerning policies and plans is undertaken by formal groups such as coastal fora. 
This could be extended to individuals outside formal groups, thus allowing the public 
to be directly involved in coastal management. Closer involvement of coastal 
managers with the public and with colleagues in neighbouring counties may help to 
generate a more proactive approach to coastal management rather than the traditional 
reactive process.
V 3. Conclusions
The study has identified the baseline level of litter which it is predicted will remain, 
regardless of existing management procedures or time of year, but the distribution 
may be affected by a number of 'external factors' such as season, visitor numbers or 
shipping activity. Sanitary items and medical waste are the only two items investigated 
that could be substantially reduced by improved sewage treatment processes and a 
reduction should be expected with compliance with the UWWT Directive (CEC,
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1991a).
If the baseline level of these and other items is to be reduced additional measures must 
be introduced to reduce the amount of litter at source. In terms of achieving a long­
term solution a proactive approach is needed. Obviously, waste management 
technologies play an important part in achieving a reduction but this is largely a 
reactive approach. In order to involve the public directly and promote a change in 
attitude so that everyone takes a share of the responsibility for litter management, 
education and public awareness become the two major focuses.
There is already a great deal of legislation in place to deal with marine pollution - 
international, national and local (refer to section 1 4). However, in its present format 
this does not appear to be effective. The present study has demonstrated this by the 
consistent levels of marine debris recorded in each year of survey. It is therefore 
suggested that the focus for resources should be changed to promote awareness 
campaigns which can encompass all sources of litter including the public, industry, 
shipping, fishing and manufacturers. Physical clearance is the most immediate 
management solution but undertaken in its current fairly unco-ordinated form, is a 
short-term measure, is labour intensive and expensive.
Concerted management actions need to be undertaken and co-ordination of efforts 
improved to make cleaning more cost-effective and successful in the long term. This 
supports the recommendations made by the HCEC (HCEC, 1992) to develop coastal 
management plans at national, regional and local levels and to establish CZM groups 
based on the configuration of the coast and not on administrative boundaries. Litter 
is only one element of coastal management but it is one that could have substantial 
influences on the economy of coastal communities. It is not an issue that can be 
treated in an insular way as the present study has shown. Litter appears to vary in 
distribution in shorter time scales than quantity and therefore it is not a problem that 
can be ignored by one region or solved by one region working alone. It is suggested 
that in terms of management the most effective way of reducing the quantities would 
be to produce an overall management plan covering adjacent regions. However, as
discussed by the HCEC report (HCEC, 1992), such systems would rely on co­
operation and it may be optimistic to assume that this could be achieved throughout 
the whole of the UK. It may be appropriate to initiate such schemes on a relatively 
small scale as pilots. Further survey work is recommended and investigation into tidal 
and wind currents to map the route of litter between regions so the most effective 
partnerships can be established. The current survey did not consider either of these 
two factors, largely due to the fact that the aims of the project did not include 
establishing the effects of such factors on the distribution of the litter and to include 
such an investigation would have required considerable additional work for the 
volunteers which did not seem appropriate. Whilst these factors were not considered 
essential to the objectives of the present study they become more important in terms 
of management procedures. It may be useful to know what proportion of litter is 
originating from land-borne sources, and what proportion originates from ships in 
order to target awareness campaigns accordingly. The provision of additional litter 
bins or better enforcement of byelaws may encourage visitors in areas of large tourist 
numbers to dispose of their litter properly and the provision of additional port 
facilities may be required if shipping is prevalent. The Coastwatch UK survey could 
not say for certain the origin of the litter found but the data could indicate areas which 
were heavily littered. Additional survey work could then be undertaken in these areas 
to identify the origins of the litter and thus allow appropriate action to be taken. The 
Coastwatch UK survey has established a network of committed individuals who are 
willing to collect data over a long time scale. Access to the information they have 
collected is available to all local authorities and, in effect, a co-ordinating centre has 
been established. These data could be usefully applied as a tool in coastal 
management.
The results of the present study indicate that amounts of coastal litter found vary from 
region to region and even more so from beach to beach. The quantities can quite 
reasonably be expected to change within very short time scales, posing a particular 
problem for holiday-makers and day-trippers in their choice of destination. 
Suggestions have been made for long-term reductions in marine debris through co­
operation between regions. However, the aesthetic appearance of a beach is the
primary factor influencing public opinion about its cleanliness. At present there is no 
system in place to provide day to day information about the overall condition of 
beaches. Beach award systems - such as European Blue Flag Awards (FEEE, 1993) 
and Seaside Awards (TBG, 1994) - were designed to inform the public about the 
cleanliness of a site but it appears that these only serve to confuse. The multiple 
schemes in place all have different criteria - a combination of water quality standards, 
facilities and the presence or absence of sewage-related debris seem to feature in most 
of the schemes but are not consistent in all of them (Williams & Morgan, 1995). 
Although the European Blue Flags do at least take into account a combination of 
factors, the awards are given based on the water quality of the previous year and take 
no account of public opinion about a site. Beaches are selectively entered into the 
European Blue Flag scheme and local authorities have to pay to enter, resulting in 
only a small percentage of beaches commonly used for recreation by the public being 
judged (refer to section I 2.3). It is also apparent that there exists a great deal of 
public confusion about the meaning of such awards. If the real intention of such 
awards is to provide the public with an information system which allows them to 
make an informed choice about which beach they would prefer to visit, it is suggested 
that a standard system is used which is applied to all bathing beaches, takes into 
account the current water quality in terms of microbiological quality and associated 
health risks and the aesthetic appearance of the beach and water.
The appeal of a beach as a tourist resort covers a whole range of factors such as 
access, climate, visitor concentration, access to watersports, as well as safety and 
facilities. Instead of an award system it would seem more appropriate to establish an 
easily accessible registration scheme whereby all beaches are monitored weekly or 
daily, depending on resources. The public could then make an accurate and informed 
choice about their destination depending on the criteria they feel is important to suit 
their needs. Much of the infrastructure for such a system is already in place in the UK 
- water quality monitoring of identified bathing waters already takes place on a regular 
basis during the summer months. The establishment of a central database would allow 
the results from all regions to be registered on a weekly/daily basis. In addition, the 
level of facilities that the beach has could be registered at the start of the season and
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then updated as necessary. The factors such as level of littering, climate, water 
temperature and number of visitors, would require regular monitoring and updating. 
It is likely that a number of databases would exist, for example all 'permanent* 
information such as whether the beach is patrolled by lifeguards, information on 
access and facilities, can be stored on a separate database to 'variable' information 
such as temperature, status of the water quality and information about beach litter. It 
is also recommended that a standard system of sampling is adopted. At present, 
although subject to the same legislation and guidelines, much variation exists in the 
water quality sampling strategies undertaken by EU countries (EC, 1995a,b; Lewey 
& Rees, 1996). It seems essential that sampling strategies are comparable to allow 
accurate information about the quality of bathing waters and beaches to be given. The 
present study has attempted to establish an index of pollution based on litter quantities 
and such a system could be used to summarise the litter found at each beach.
The proposed registration system would have a number of advantages, primarily that 
it would be current (unlike the existing awards systems), it would involve all bathing 
beaches and not be selective like the current systems, it would take account of a range 
of factors including aesthetic appearance and would effectively allow the public to 
'rank' beaches and make an informed choice about their destination. The facility to 
access standardised data concerning both the water quality and beach quality, 
including associated facilities, from a central database promotes the concept of an 
integrated approach towards coastal management.
The current project was developed to aid coastal managers, aid environmental 
education and explore public health issues. The data has been collected in a form 
which allows these aims to be met. The study verified the findings of other studies 
investigating the types of marine debris on the coastline - plastics are confirmed as the 
most dominant type of debris around the coast of the UK (Dixon & Hawksley, 1980; 
Caulton & Mocogni, 1987; McGilvray, 1993; Moreton, 1994; Pollard, 1996) and the 
results of other studies indicate that this is so throughout the world (Corbin & Singh, 
1993; Benton, 1995). The study has shown that the quantities of litter in the coast do 
not alter significantly from year to year, or from season to season, but that the
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distribution does change. These observations support the work of Day & Shaw (1987) 
and Simmons & Williams (1992). It thus appears from the results of the study that the 
current beach litter management procedures in place in the regions investigated are 
ineffective. It is suggested that long-term reductions in the quantities of litter recorded 
on the coast will only be achieved if a collaborative approach is adopted by coastal 
managers in adjacent regions. Obviously, there are acknowledged constraints in the 
survey in its present form, and the survey has highlighted the difficulties of comparing 
studies due to the incompatibility of existing methods, but the method adopted is 
considered reliable and therefore the questionnaire could be adapted and focused on 
specific areas of concern as was achieved with medical waste.
The study highlights the unreliability of microbiological sampling and supports the 
need for standardised sampling procedures for assessing water quality and a revision 
of the EU bathing water Directive (CEC, 1976a). It has also highlighted the need for 
the inclusion of aesthetic indicators to be included in beach quality monitoring 
guidelines.
The study addresses the recommendation made by the World Tourism Organisation 
to 'provide for participation by all sectors o f society' (Shackleford, 1996) and the 
objectives of Agenda 21 (UN, 1992). It is obvious from the study that education, 
public awareness and integrated management are key factors in producing long-term 
reductions in the quantities of marine debris. The present study has provided a tool 
to achieve this.
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APPENDICES
Appendix I
Coastwatch UK
Questionnaire uN O R W I C H
U N I O N
■ Please carry out your survey on any day between September 17th and October 2nd and return by Monday October 17th to 
Farnborough College of Technology
■ Please read the questionnaire before attempting this survey and work a plan around low tide
■ Please enter details of question A l.  on all forms
■ If you have any additional information/observations or ideas for local follow up please include them on a separate sheet
■ National co-ordinator Kathy Pond, Farnborough College of Technology, Boundary Road, Farnborough, Hants GU14 6 SB
Telephone 0252 377503
A Information on site/survey
A l.  Country code Country code
Block code Unit code
A l. i.  Eastings co-ordinates Northings co-ordinates
A2. Name of survey unit or area
A3. Your name and address if 
you wish to be contacted
Telephone 
A3.
A3.
Are you completing 
the questionnaire as 
part of:
How many people are in 
your group (including 
yourself)?
A4. Date of survey
A5. How well do you know your site?
A6 . Is your coastal unit a specially 
designated area or part of one?
A7. If ‘yes' please specify whether 
it is:
A8 . Is access to your coastal unit
* EC means European Community 
** See instructions for explanation
Postcode
a school/college group environmental or local interest group 
Other organisation, eg Scouts/guides Other eg with friends
day
well
yes
month
a little
no
designated bathing 
water eg EC*
area of scientific 
importance
easy
here on first or 
_  second visit
don’t know
shell fish area
harvested for sale -
national park/ 
nature reserve
difficult?
year
an EC bird directive 
area/Ramsar site
other 6
normally
impossible?
**CORINE
Biotope
prohibited?
B Influences from land -  in fluen ces from the areas up to 5 0 0 m  b eyo n d  the sp la sh  zon e
B l.  To what is the immediate 
adjoining land up to 500m 
from splash zone mainly 
devoted?
tick one or two options only
intensive
grazing/golf
course
park/wood/
forest
1 tillage, farming 2
  including ------
horticulture
5 bog/marsh 6
scrub or rough 3
grazing —
rock/glacier/ 7
sand —
dune
village or town 8 
residential —
continued
B Influences from land -  continued
tourist resort 9 waste tip 10 industry/port 11 transport/port/ 12
    industry/   marinas/road/---------
power station train/car park
construction 13 military zone 14 other 15
site —  — -  \  —
B2. Note all inflows as you walk your unit, and indicate type and character of each
You may abbreviate river/stream R storm drain, open drain or irrigation canal OD pipe P seepage S inflow from coastal lagoon L 
If you have too many inflows concentrate on the major ones but give an overall count in the total box.
Indicate character and content of inflow below mouth on following chart: 
carries 
water at
type time of sewage/
of survey off discolour- dead dumped sewage scum oil
inflow yes/no smell ation fish debris fungus froth petrol
1
2
3
4
5
total
J 2 3 4 5 6 7 8 9  JO
+ Enter 0. 10, 25, 50, 100, 250 or 500 depending upon the colour change of the nitrate stick
C Splash zone -  the shoreline from mean
C l. Indicate the dominant 
coverage of the splash zone
salt marsh I
other 3
vegetation ------
high tide up to spring tide high tide watermark
reed bed 2
sand 4
spring tide high water mark 
mean high tide
tide mark = debris left at highest 
point of tide when 
water goes out
Nitrate+
Result 
(mg/l 
tested (ppm) 
yes/no N03)
building or 5
construction __
or rock
Intertidal or 
littoral zone mean low tide
Sublittoral zone
D Intertidal area -  the area between high and low tides. It is reduced to the waters edge in non-tidal areas
D l. Indicate what the intertidal solid
surface is mainly composed of rock
Tick a maximum of 2 boxes
boulders 2 gravel 3 sand 4 silt or 5 other 6 
020cm + ------ 0O.2 -2Ocm------   mud   built walls —
D2. Which of the plants listed did you Spartina 1 Eel
find growing in your unit? grass* ------- grass"
2  brown 
— . or red 
seaweed
other
green: patches 
algae
accumulations 6
of dislodged or ------ ------------------------
decaying algae
*Note Spartina grass is a hard long grass which remains standing up when the tide is out, growing on mud/sand flat areas. Eel grass 
lies down when the tide goes out and has flat long narrow leaves (not tubes characteristic o f similar algae)
extensive 5 
cover or .—  
thick mats 
live
D3. If you know your unit well please yes no don’t know
indicate if there was any visible ___  ___
algae bloom(s) in water this spring 
or summer
continued
D Intertidal area - continued
D4. Indicate which of the animals 
listed you found live L or dead D
jellyfish l
fish
worms and 2  
wormcasts —
seabirds L
9
shellfish 
eg cockles, winkles
D seal
10
L D crustaceans L D
3 4 eg crabs 5 6
L D dolphin L D
11 1 2 13 14
number
found
number
found
number
found
rat
L15
d
16
other
D5. Did you find any oiled birds 
during your survey? (live or dead)
yes no If 'yes' indicate number of birds
E Litter and pollution
Investigate at all shore levels. Walk along the unit at the tide mark, then return via the splash zone
E l. Describe the general state of littering of the splash zone and the tide mark(s) by circling the approximate percentage of each zone 
which falls into the littering categories 'gross' ‘moderate’ or ‘slight’. Note you do not survey the intertidal in E l. but you do for E2. 
and E3.
splash zone tide mark
Gross; More-or-less continuous, impossible 
to avoid when walking on the shore
Moderate; Noticeable litter
Slightly or none; No litter 
observed, or less than 1 0  items
Totals
0 25 50 75 1 0 0 0 25 50 75 100
0 25 50 75 1 0 0 0 25 50 75 1 0 0
0 25 50 75 1 0 0 0 25 50 75 1 0 0
100% 100%
E2. Note any major items found on your unit and indicate whether they occur on the upper shore or intertidal/sea zones: 
Material splash zone tide mark/intertidal/sea
Landfill materials eg concrete, rubble, i  2
debris from sea defence etc--------------------------------------------- -----------------------------------------------------------------  -------------------------------------------
Large metal object eg abandoned 3  4
vehicles, machinery, girders (excluding bins)-------------------------------------------------------------------------------------- ------
Household furnishings eg beds, 5  6
carpets, pieces of furniture etc---------------------------------------------------------------------------------------------------------- ------
Household refuse in bags or piles 7 g
of rubbish   —
Ship wreckage, including small 9  jo
metal parts   —
Dumped crops u  j 2
T yres please give number found jg  1 4
E3. Please tick which of the following items of general litter or pollution you found on your unit and indicate whether they occured in 
the upper shore or intertidal zones. Please note you are asked to provide counts for some items on the next page. Please indicate 
country of origin if obvious.
splash zone tide mark/ 
intertidal/sea
country of 
origin
Plastic fishing gear
eg nets, lines, bags
Packing strap(s)
other plastic bags etc but not 
sanitary plastic or plastic bottles
Polystyrene/Polyurethane foam
5 6
7 8
Tar 9 1 0
Oil, petrol/diesel 11 1 2
Container(s) of potentially hazardous 
substances chemicals, gas cylinders -  
please specify on a separate sheet
13 14
continued
E Litter and pollution -  continued
Textiles, shoes, gloves, items 
of clothing
Paper, cardboard, wood, 
vegetable waste
Food, fish waste and bones 
Faeces mammal
Sanitary materials eg sanitary towel 
backings, condoms
please specify on report form enclosed
Medical waste eg syringes, 
please specify on report form enclosed
Glass
Plastic bottles including drinks, oil etc 
Plastic can holders
Total number of items:
Packing strap(s)
Containers of potentially hazardous 
substances
Paper drinks containers 
Drinks cans 
Plastic drinks bottles
estimate frequency of sewage 
pollution incidents otherwise leave blank
F General observations
F I. Has recent weather made the 
appearance of your coastal unit 
change?
F2. Has the beach been cleaned 
within the last week?
F3. Are there any imminent changes 
planned which will have either a 
positive or negative effect on the 
quality of the coastal unit?
F4. If you have any evidence of a 
serious threat, please indicate with 
a tick if it is from any of the 
following options: Please subtitle  
the tick with  ? '  i f  you consider it 
is a significant risk or subtitle  
with T  i f  you consider it  to be an 
im m inent threat.
F5. If you would be interested in follow 
up work tick one of the following 
options: if not please leave blank
splash zone tide mark/ country of 
intertidal/sea origin
15 16
17 18
19 20
21 22
23 24
25 26
27 28
29 30
31 32
33 34
35 Glass items
(not pieces of broken glass) 
Sanitary materials
40
36 41
37 Medical waste 42
38 Sanitary items and medical waste - 
please itemise on enclosed report form
39
never rare occasional frequent usual
looks cleaner 
than usual
l  looks worse 2 recent
------ than usual ------ weather is
insignificant
3 d(
yes no don’t know
yes no don’t know
a) land threat erosion? 1 beach 2 construction? 3 
due to: ------ mining? ------  ------
b) water 
pollution 
due to:
sewage? 5 radio- 6 oil? 
------ activity? ------
7
agriculture or 9 recreational 10 other? 11
seasonal
on’t know
industrial farming? ------  abuse?
find out more 
about the unit?
investigate 2
protective ------
action?
instigate
remedial
action?
tipping?
industry?
culture?
other?
12
ENVIRONMENT ’
FOR
EUROPE
i
Coastwatch UK
National questionnaire
N O R W I C H
U N I O N
Name of surveyor
Name of block
Block code County code
Unit code
1. Do you know of any local byelaws yes no don’t know
relevant to your unit? ___  ___
If ‘yes’ please specify
2. If you have surveyed this unit in 
a previous Norwich Union 
Coastwatch UK Survey, has the 
pollution/litter status of the unit 
in your opinion generally:
since last survey
3. Please estimate the number of 
people excluding surveyors present 
in the unit during the survey
4. If you know your unit well, please 
comment on what activities are 
generally undertaken in the unit
tick no more than 3 boxes
5. Please estimate the number of 
litter bins in the unit
6. Was there any evidence of 
‘nuisance’ pollution in your unit 
whilst surveying, such as:
7. Please state owner of:
8. Are there any ‘eyesores’ in 
the unit?
worsened? improved?
bathing informal
  recreation
industry defence
noise from 
jet skis/boats?
other
please specify 
foreshore
adjacent 
land
yes no
If ‘yes' please specify
stayed same? don’t  know?
watersports angling
other
please specify ________________
overcrowding?cars/
motorcycles?
continued overleaf
9 . Are there any local projects/ yes no don’t know
action groups currently involved ___  ___
in coastal management issues in
or around your unit? ,, ,  , . ^  ^ ,
If yes give details of one such project
10 . Were sewage slicks visible in the yes no don’t  know
unit during the survey period? ___  ___
ENVIRONMENT
FOR
EUROPE
Coastwatch UK
Report form
Medical waste
Please give total number of each item recorded on each unit 
Unit
1 2 3 4 5 6 7 8 9  10
Syringes 
Inhalers 
Plasters 
Bandages 
Tubes of medical
c r e a m     ____________________________ ___________________
Pill packets
Medicine bottles
Analgesic spray
Blood lancets
Drip bags
Drip tubes
Other (please specify)
Sanitary waste
Please give total number recorded on each unit 
Unit
1 2 3 4 5 6 7 8 9  10
Sanitary towels/
t a m p o n s _______________________________________________________________________________________________
Sanitary towel
backings o n l y _______________________________________________________________________________________________
Nappies
Condoms
Other (please specify)
continued overleaf
Please use the remaining space for any additional comments or ideas for follow up
ENVIRONMENT '
FOR
EUROPE
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Appendix III
Sites surveyed during the 1992,1993 and 1994 surveys. Sites represent whole or 
part of a 5 Km block of coastline. The years of survey are shown in parentheses.
CUMBRIA
Allonby Bay (1993) (1994)
Amside (1994)
Askam in Furness (1992)
Barrow in Furness (1993)
Beckfoot (1993) (1994)
Burghmarsh Point (1994)
Dubmill Point (1993) (1994)
Eskmeals (1994)
Flimby (1994)
Grange over Sands/Kents Bank (1992) (1993) (1994) 
Harrington (1993)
Haverigg Point (1993) (1994)
Humphrey Head (1992) (1993) (1994)
Lowsey Point (1994)
Maryport (1993) (1994)
Moat Scar/Aldingham (1992) (1994)
Morecambe Bay (1992) (1993)
North Walney (1992) (1993) (1994)
Port Carlisle (1994)
Rampside (1992) (1993) (1994)
Roosecote Sands/Roa Island (1992)
Selker Bay (1994)
Silecroft (1994)
Silloth (1993)
Tanyard Bay (1993)
Ulverston Sands (1992) (1993)
Workington Sands (1993) (1994)
LANCASHIRE
Amside (1993)
Blackpool Central (1992)
Blackpool North (1994)
Fairhaven (1992) (1993)
Fleetwood (1992) (1993) (1994)
Hest Bank (1993)
Heysham Harbour (1992) (1993) (1994)
Lytham St Annes (1992) (1993)
Middleton Sands (1992) (1993) (1994)
Morecambe (1992) (1993)
Pilling Sands (1992) (1993) (1994)
Preesall Sands (1992) (1993)
Sunderland Point (1993)
River Wyre Estuary (1992) (1993) (1994)
MERSEYSIDE
Ainsdale on Sea (1992) (1993)
Crosby (1992)
Dawpool Banks (1993)
Formby Bank (1992) (1993)
Hale (1992)
Hoylake (1992)
Marshside Sands (1992) (1993)
Meols/ Hoylake (1993)
Mockbeggar Wharf (1992) (1993)
New Brighton (1993)
Southport (1992) (1993)
Wallasey (1992) (1993)
West Kirby (1992) (1993)
CLWYD
Abergele/Pensam (1992) (1994)
Colwyn Bay (1993)
Kinmel Sands (1992) (1993) (1994) 
Llandulas (1992) (1993) (1994)
Mostyn Estuary (1992)
Prestatyn (1992) (1993)
Rhyl (1992) (1993) (1994)
Talacre (1992)
GWYNEDD
Aberdovey (1993)
Abersoch (1992)
Barmouth Bay (1992) (1994)
Black Rock Sands (1992)
Camarfon (1994)
Conwy Sands (1993)
Cricceith Bay (1992)
Harlech Point (1992) (1993) (1994) 
Holyhead (1992)
Great Ormes Head (1993)
Lavan Sands (1992) (1993) (1994) 
Llanfairfechan (1993) (1994)
Llandanwg (1992)
Llandudno West (1992) (1993)
Llwyngwril (1992) (1993)
Porth Neigwl (1994)
Shell Island/ Morfa Dyffryn (1993) (1994) 
Tal y Bont (1992) (1993) (1994)
Treath Mawr/Aberaffaw Bay (1992) 
Tywyn (1992)
DYFED
Aberarth/Aberaeron (1992) (1993) (1994) 
Aberporth (1993) (1994)
Aberystwyth (1993)
Amroth (1994)
Angle Bay (1992) (1993) (1994)
Borth Sands (1992) (1993) (1994) 
Broadhaven (1993)
Burry Port (1993)
Clarach Bay (1992) (1993) (1994)
Dinas Head (1993) (1994)
Fishguard/Goodwick (1992) (1993) 
Freshwater East (1993) (1994)
Freshwater West (1992) (1993) 
Herbrandston (1992)
Little Quay Bay (1992) (1993)
Llanelli (1994)
Llanstephan (1994)
Llanrhystud (1992)
Manorbier (1992) (1993) (1994)
Marloes Sands (1992) (1993)
Milford Haven (1992) (1993) (1994) 
Newgale Sands (1994)
Newport (1992 (1993) (1994)
Nolton Haven (1992) (1993) (1994) 
Pembrey Forest (1993)
Pembrey Burrows (1992) (1993) (1994) 
Penbryn (1992) (1994)
Poppit Sands (1993) (1994)
Porth y Rhaw (1992)
Porth Clais (1992) (1993)
Porth Tre Wen (1994)
Saundersfoot (1992) (1993) (1994)
St Annes Head (1994)
St Brides Bay (1994)
St Davids Head (1994)
Tresaith Beach (1992)
West Angle Bay (1993)
Whitesands Bay (1993)
WEST GLAMORGAN
Aberavon Beach (1994)
Brandy Cove (1992) (1993) (1994) 
Limeslade/Bracelet Bay (1993) (1994) 
Margam Sands (1992) (1993) (1994) 
Mewslade Bay (1992)
Oxwich Bay (1992) (1994)
Rhossili Bay/ Broughton Bay (1992)
Swansea Bay (1992) (1993)
The Mumbles (1993)
Whiteford Sands (1992) (1994)
MID GLAMORGAN
Dunraven Bay/Treath Mawr (1992) (1993)
Kenfig Sands (1992) (1993) (1994)
Newton Beach (1992) (1994)
Ogmore by Sea/Southemdown (1992) (1993) (1994) 
Rest Bay/Porthcawl (1992) (1993)
SOUTH GLAMORGAN
Barry (1994)
Cardiff Flats (1992) (1993)
Cwm Nash (1994)
Font y Gary Bay (1992) (1993) (1994)
Nash Point/St Donats (1992)
Penarth Head (1992) (1993)
Peterstone Great Wharf (1992)
Porthkerry/The Knap (1993) (1994)
St Marys Well Bay (1992) (1993) (1994)
Sully Bay (1992) (1993) (1994)
Summerhouse Point/Limpert Bay (1992) (1993) 
Tresilian Bay (1992) (1993) (1994)
Whitmore Bay (1992) (1993)
GWENT
Beachley (1993) (1994)
Goldcliffe/Porton Ho (1993) (1994)
AVON
Aust (1994)
Clevedon (1992) (1993) (1994)
Kings Road (Severn Estuary) (1992) (1993)
Oldbury on Severn (1992) (1993) (1994)
Portbury Road (Severn Estuary) (1992)
Portishead (1992) (1993)
Sand Bay (1992) (1993) (1994)
Severn Estary (Treble House Farm) (1994)
Severn Beach (1992) (1993) (1994)
Severn Estuary South (1994)
St Andrews Road (1994)
Swallow Cliff (1993)
Walton Bay (1992) (1993)
Weston Super Mare (1993) (1994)
Woodspring Bay (1992) (1994)
SOMERSET
Berrow (1993) (1994)
Blue Anchor Bay/Dunster Bay (1992) (1993) (1994) 
Brean Down (1993)
Brean (1992) (1993)(1994)
Burnham on Sea (1992) (1993) (1994) 
Doniford/Watchett (1993)
Ivystone (1992) (1993) (1994)
Kilve Beach (1993)
Lilstock (1993)
Minehead (1994)
Porlock Bay (1992) (1993) (1994)
Selworthy Sands (1992)
Stert Flats (1992) (1994)
DEVON
Ansteys Cove (1993) (1994)
Babbacombe (1993) (1994)
Baggy Point (1993) (1994)
Bantham/Thurlestone (1992)
Bigbury on Sea (1992) (1994)
Bolt Head/Salcombe Sands (1992) (1993) (1994) 
Branscombe Mouth/Beer (1992)
Braunton Burrows (1992) (1993) (1994)
Broadsands (1992) (1993)
Bucks Mill (1993) (1994)
Budleigh Salterton (1993)
Bull Point/Rockham Sands (1993) (1994)
Cawsand Bay (1992)
Challborough (1992) (1993) (1994)
Clovelly (1992) (1993)
Coombe Martin Bay (1992) (1993)
Comborough Range (1993)
Dawlish Warren (1992) (1993) (1994)
Dawlish (1992) (1993) (1994)
Dowlands (1992)
Exmouth/Sandy Bay (1992) (1993) (1994) 
Goodrington/Paignton Sands (1993) (1994)
Hall Sands/Slapton Sands (1993)
Hartland Point (1993)
Hele Bay/Ilffacombe (1992) (1993) (1994) 
Hollicombe (1992)
Hook Ebb/Branscombe (1992) (1993) (1994)
Instow Beach (1992) (1993) (1994)
Jennycliffe Bay (1993) (1994) 
Kingswear (1993)
Ladram Bay (1993)
Lannacombe Bay (1992) (1993) 
Livermead Sands (1993)
Lynmouth Sands (1993) (1994) 
Maidencombe Beach (1993) (1994) 
Northam Burrows (1993)
Noss Mayo (1993)
Plymouth Hoe (1992)
Pudcombe Cove (1994)
River Erme Estuary (1993)
River Yealm Estuary (1993) (1994) 
Saunton Sands (1993) (1994) 
Scabbacombe Sands (1993) (1994) 
Seaton Beach (1992) (1993) 
Shaldon (1992) (1993) (1994) 
Shipload Bay (1993)
Sidmouth (1992) (1993) (1994)
St Marys Bay (1993) (1994) 
Slapton Sands (1994)
Teign Estuary (1992)
Teignmouth (1992) (1993)
Torquay (1992)
Torrs Walk (1992)
Watermouth (1993)
Welcombe Mouth (1994)
Wembury (1992) (1993)
Westward Ho! (1992) (1994) 
Widemouth Bay (1992)
Woody Bay (1993) 
Woolacombe/Putsborough (1993)
CORNWALL
Bassetts Cove (1992) 
Bude/Sandymouth (1993) (1994) 
Cawsand Bay (1993) (1994) 
Church Cove (1992)
Compass Point (1992)
Constantine Bay (1992) (1993) 
Coverack (1993)
Crackington Haven (1993) 
Crantock Beach (1994)
Daymer Bay/Rock (1993)
East Looe (1992) (1994)
Fistral Bay (1994)
Flushing (1992) (1994)
Freathy (1993)
Godrevy Cove (1993)
Gun Point (1992)
Gwennap Head (1992)
Harlyn Bay (1992)
Holywell Beach (1993) (1994)
Keveral Beach/Seaton (1992) (1993) (1994) 
Lantivet Bay (1993) (1994)
Long Rock/Marazion (1993)
Mawgam Bay (1992)
Mevagissey (1993) (1994)
Newlyn (1994)
Newquay Bay (1992) (1993) (1994)
Old Town/Padstow (1992)
Pendennis Point/Falmouth (1993)
Penryn (1992)(1993)(1994)
Polperro (1992) (1994)
Porth Leddon (1992)
Porthleven Sands (1992) (1994)
Porthmeor Beach (1993)
Portholland (1993)
Porthmissen Beach (1992)
Portnadler Bay (1993)
Portscatho (1993)
Portwrinkle/Tregantle Beach (1993)
Portreath (1992)
Portscatho (1992)
Praa Sands (1992) (1993)(1994)
Rame Head/Cawsand (1993) (1994)
St Iv es(1992)(1993)
Stanbury Mouth/Duckpool (1992) (1993) (1994) 
Swanpool (1992)
Tintagel (1992) (1993)
Towan Beach (1994)
Trevaunance Cove (1993)
Trevone (1993) (1994)
Truro (1993) (1994)
Watergate Bay (1992) (1993) (1994)
Whitesands Bay (1992) (1993)
Widemouth Bay (1994)
Woolacombe (1992)
DORSET
Bournemouth (1992) (1993) (1994)
Chapmans Pool (1993) (1994)
Charmouth (1994)
Chesil Beach (1992) (1993) (1994)
Christchurch Harbour (1994)
Cogden Beach (1993) (1994)
Durleston Head (1993)
Fortunewell (1992) (1994)
Hengistbury Head (1992) (1993) (1994) 
Highcliffe (1994)
Kimmeridge Bay (1992) (1993) (1994) 
Lulworth Bay (1993) (1994)
Lyme Regis (1992) (1994)
Osmington Mills (1992) (1993) (1994) 
Parkstone Bay (1992) (1993) (1994) 
Poole/Rockley Sands (1992) (1993) (1994) 
Portland Harbour (1992) (1993) (1994) 
Portland Bill/Church Ope Cove (1993) 
Redcliff Bay (1992)
Ringstead Bay (1992) (1993)
Sandbanks(1992)(1993)(1994) 
Seatown/Eype (1992) (1993)
Shell Bay (1993) (1994) 
Southboume/Hengistbury Head (1992) (1993) 
Studland (1992) (1993)
Swanage Beach (1992) (1993) (1994)
West Bay (1993)
West Fleet, Chesil (1992)
Weymouth Bay (1993) (1994)
Winspit (1992) (1993) (1994)
HAMPSHIRE
Barton on Sea (1992) (1993) (1994)
Calshot (1992) (1993) (1994)
Eastney (1993)
Hamble (1993) (1994)
Hayling Bay (1992) (1994)
Hayling Island North (1992) (1993)
Hayling Island West (1992) (1993) (1994) 
Hayling Island South (1994)
Hill Head/Lee on Solent (1992) (1994) 
Hook/Solent Breezes (1992) (1993) (1994) 
Keyhaven (1992) (1993)(1994)
Langstone Harbour (1992) (1993) (1994) 
Lepe (1992) (1993) (1994)
Lymington (1993)
Lymington Harbour (1993)
Milford on Sea (1992) (1993) (1994)
Netley (1992) (1994)
Portsea Island (1992)
Portsmouth Harbour (1992)
Solent Way (1994)
Southboume (1992) (1993) (1994)
Southsea (1992) (1993) (1994)
Stokes Bay (1993)
Thoms Beach (1993) (1994)
West Ichenor (1992)
ISLE OF WIGHT
Brighstone Bay (1992) (1993) (1994)
Brook (1993) (1994)
Chale Bay (1992)
Colwell Bay (1993)
Cowes (1994)
Freshwater Bay/Compton Bay (1992) (1993) (1994) 
Luccombe Bay/Shanklin (1992) (1993)
Reeth Bay/Binnel Bay (1992) (1993) 
Sandown/Culver Cliff (1992) (1993) (1994)
St Helens/ Nettlestone (1992) (1994)
Totland Bay/Alum Bay (1993) (1994)
Ventnor (1993) (1994)
Yarmouth/Colwell Bay (1994)
WEST SUSSEX
Bognor (1992) (1993) (1994)
East Beach, Selsey (1993) (1994)
East Wittering/Bracklesham (1992) (1994)
Goring Gap (1994)
Kingston Gorse (1992) (1993) (1994)
Lancing (1993)
Littlehampton (1992) (1993) (1994)
Middleton on Sea (1992) (1993) (1994)
Pagham (1992) (1994)
Rustington (1992) (1993) (1994)
Selsey Bill (1993) (1994)
Shoreham by Sea (1993) (1994)
West Wittering (1992) (1993) (1994)
Worthing (1992) (1993) (1994)
EAST SUSSEX
Beachy Head (1994)
Bexhill (1992) (1994)
Brighton Marina (1992) (1993) (1994) 
Brighton/Hove (1992) (1993) (1994)
Camber Sands (1992) (1993)
Cuckmere Haven (1992) (1993)
Eastbourne Lifeboat Station (1992) (1993) 
Eastbourne West of Pier (1993) (1994)
Fairlight Cove (1992) (1993) (1994)
Hastings (1993) (1994)
Newhaven (1992) (1993)
Normans Bay (1993) (1994)
Pevensey Bay (1992) (1993)
Portslade/Hove (1993) (1994)
Saltdean (1994)
St Leonards (1993)
Seaford (1993) (1994)
Shoreham by Sea (1992)
Winchelsea Beach (1992) (1994)
KENT
Broadstairs/Ramsgate (1992) (1993) (1994) 
Cleve Marshes (1992)
Deal (1992) (1993) (1994)
East Wear Bay (1993) (1994)
Folkestone (1993) (1994) 
Greatstone/Littlestone (1992) (1993) (1994) 
Heme Bay (1992) (1993) (1994)
Hythe (1992) (1993) (1994)
Langdon Bay (1993) (1994)
Luddenham Marshes (1993)
Leysdown on Sea (1992) (1993) (1994) 
Lydd on Sea (1992) (1993)
Margate (1993) (1994)
Minnis Bay (1992) (1993)
Minster (1994)
Motney Hill (1992)
North Kingsdown (1992)
Pegwell Bay (1992) (1993) (1994) 
Queensborough West Swale (1992) 
Reculver (1992) (1993) (1994)
Sandgate (1994)
Sandwich Bay (1993)
Sandwich Flats (1993) (1994)
St Margarets Bay (1994)
St Marys Bay/Dymchurch (1993) (1994) 
Seasalter (1993)
Shakesphere Cliff (1993) (1994)
Sheemess (1992) (1993)
Swalecliffe (1992) (1993) (1994)
Warden (Isle of Sheppey) (1992)
Westgate on Sea (1993) (1994)
Whitstable Bay (1992) (1993) (1994)
ESSEX
Bradwell (1993) (1994)
Brightlingsea (1994)
Burnham on Crouch (1993)
Clacton on Sea (1992) (1993) (1994)
Canvey Island (1993)
Colne Point (1992) (1993)
Copperas Bay (1992) (1993)
Dovercourt (1993) (1994)
Earlhams (1993) (1994)
East Mersea (1992)
East Tilbury Marshes (1992) (1993) (1994)
Frinton on Sea (1992) (1993) (1994)
Holland on Sea (1992) (1993) (1994)
Jaywick (1992) (1993) (1994)
Leigh on Sea (1992) (1993) (1994)
Mucking Marshes (1992) (1993)
Shoeburyness (1993) (1994)
Southend on Sea (1992) (1993) (1994)
St Lawrences Bay (1994)
Walton on the Naze (1992)
West Mersea (1992) (1993)
Westcliffe on Sea (1992)
THAMES ESTUARY
Blackfriars to Waterloo Bridge (1992) (1993) (1994) 
SUFFOLK
Alderburgh (1992) (1993) (1994)
Bawdsey (1993)
Covehithe (1992) (1993)
Dunwich (1993) (1994)
Felixstowe (1992) (1993)
Hollesley Bay (1992) (1993) (1994)
Lowestoft (1992) (1994)
Lowestoft North (1992) (1993) (1994)
Minsmere Haven (1992) (1993) (1994)
Orford Beach (1992) (1993)
Southwold (1992) (1994)
Thorpeness (1992) (1993) (1994)
Woolverstone (River Orwell) (1992)
NORFOLK
Blakeney Eye Point (1992) (1994)
Brancaster Bay (1993)
Burnham on Sea (1993)
Caister/Califomia/Newport (1992) (1993) (1994) 
East/West Runton (1992) (1993) (1994)
Eccles on Sea (1993)
Gorleston on Sea (1992) (1993)
Great Yarmouth North Beach (1992) (1993) 
Great Yarmouth South Denes (1993) (1994) 
Happisburgh (1992)
Heacham (1992) (1993) (1994)
Hemsby (1992) (1993)
Holkham Bay (1992) (1993)
Holme Next the Sea (1992) (1994)
Horsey Comer (1993)
Marl Point (1992) (1993) (1994)
Mundesley (1992) (1994)
Old Hunstanton (1994)
Ostend/Walcott/Bacton (1992) (1993) (1994) 
Overstrand/Cromer (1992) (1993) (1994) 
Salthouse/Cley Next the Sea (1993) (1994)
Scolt Head Island (1992) (1994)
Sea Palling (1992) (1993)
Sheringham (1992) (1993) (1994)
Snettisham Scalp (1992) (1993)
Thomham (1992) (1993)
Titchwell (1993) (1994)
Wells Next the Sea (1993)
Winterton on Sea (1992)
LINCOLNSHIRE
Anderby Creek (1992) (1993) (1994)
Chapel St Leonards (1992)
Gibraltar Point (1994)
Huttoft Bay (1993)
Ingoldmells (1992) (1994)
Mablethorpe (1992) (1993)
Skegness (1992) (1993)(1994)
Sutton on Sea (1992) (1993)
Wainfleet Sands (1992)
HUMBERSIDE
Barmston Sands (1992) (1993)
Bridlington North/Sewerby (1993)
Bridlington South (1994)
Cleethorpes (1992) (1993) (1994)
Easington (1993)
Holmpton Beach (1993)
Hornsea (1992)
Humberstone Fitties (1992) (1994)
Mappleton Sands (1993) (1994)
Pyewipe (Grimsby) (1993) (1994)
Saltfleet (1992)
Sewerby (1993)
Spurn Head (1993)
Theddlethorpe St Helens (1992)
Tumstall/Withemsea (1993) (1994)
NORTH YORKSHIRE
Black Nab (1994)
Black Rock (1992)
Cayton Sands (1992) (1993)
Ravenscar (1993) (1994)
Runswick Bay (1992)
Scarborough North (1992) (1993) (1994) 
Scarborough South (1993) (1994)
Speeton Sands/Reighton Sands (1992) (1993) (1994) 
Staithes (1993)
Stoup Beck Sands (1994)
Whitby/Sandsend (1992) (1993) (1994)
CLEVELAND
Coatham Sands (1993) (1994)
Hartlepool Bay (1992)
North Gare Sands (1992) (1993) (1994)
Parton Rocks/North Sands (1994)
Redcar (1992)
Saltbum/Marske by Sea (1993) (1994)
Seaton Carew/Hartlepool Bay (1993)
White Stones/Skinningrove (1992) (1993) (1994)
TYNE & WEAR
Hendon (1993)
Longsands/Cullercoats (1992) (1993)
Seaton Sluice (1992)
Southshields/Marsden Bay (1993) (1994)
Whitley Sands (1992) (1994)
NORTHUMBERLAND
Alnmouth (1993) (1994)
Amble (1993)
Beadnell Bay (1992) (1993) (1994)
Druridge Bay (1992)
North Blyth (1994)
Seahouses (1993) (1994)
DURHAM
Crimdon Park (1993) (1994)
Easington (1993)
North Seaham (1993) (1994)
South Seaham/Shippersea Bay (1993) (1994)
BORDERS
Ross (1992)
Eyemouth Marine Reserve (1992) 
LOTHIAN
Aberlady Bay/Gosford Sands (1993) 
Blackness (1992) (1993) (1994) 
Bridgeness/Bo'ness (1993)
Downing Point (1994)
Gosford/Seton Sands (1993) (1994)
Granton West (1993)
Musselburgh East (1993)
Peffer Sands (1993)
Portobello (1994)
Queensferry (1993) (1994)
FIFE
Aberdour/Silversands (1993) (1994) 
Anstruther Harbour (1993)
Ardross Beach (1993)
Burntisland (1993) (1994)
Broughty Ferry (1992)
Charlestown (1992) (1993) (1994)
Crail (1992) (1993) (1994)
Earlsferry (1992)
Eden Estuary (1992) (1993)
Elie Beach (1993) (1994)
Elliot Links (1992)
Fife Ness (1993)
Kinghom (1993) (1994)
Kirkcaldy (1993)
Leven Links (1993) (1994)
Lower Largo (1993) (1994)
Lundin Links (1993) (1994)
Monifieth (1994)
Newport on Tay (1992)
Tayport (1992) (1993) (1994)
Tentsmiur Sands (1992) (1993) (1994)
Torry Bay (1992)
West Sands, St Andrews (1992) (1993)
West Wemyss (1994)
TAYSIDE
Carnoustie (1993)
Kingoodie (1993)
Lunan Bay (1993)
Monifieth (1993)
GRAMPIAN
Aberdeen Beach (1992) (1993)
Balmedie (1992) (1993) (1994)
Balgownie Links (1993) (1994)
Bay of Cruden (1994)
Boars Head Rock (1993) (1994)
Buckie (1993)
Burghead Bay (1992) (1993) (1994)
Burghead (1992) (1994)
Collieston (1992) (1994) 
Covesea/Clashnach/Hopeman (1993) (1994) 
Craigaven Beach (1992) (1993)
Cruden Bay (1993)
Cublin Forest (1992) (1993) (1994)
Culbin Sands (1992) (1993)
Cullen Bay (1992) (1994)
Cummingston (1992)
Findhom (1993) (1994)
Findochty (1992) (1993)
Fraseburgh Bay (1994)
Inverugie (1994)
Kingston (1992) (1993) (1994)
Lossiemouth Beach West (1992)
Lossiemouth Beach East (1992) (1993) (1994) 
Newburgh Bar (1992) (1993) (1994)
Newburgh/River Ythan Estuary (1992) (1993) (1994) 
Nigg Bay (1992) (1993) (1994)
Philgask Shore/Sandhaven (1994)
Portessie (1992)
Spey Bay (1992) (1993) (1994)
St Cyrus (1992)
St Combes (1992)
St Fergus (1994)
Stotfield (1994)
STRATHCLYDE
Ardrossan/Saltcoats (1994)
Asgog (1993)
Ayr (SeaSeld) (1992) (1994)
Ayr (1994)
Culzean Bay (1993)
Farland Head/Seamill (1993)
Farlie (1994)
Gourock (1993) (1994)
Holy Loch (1994)
Hunterston Sands (1994)
Innellan (1994)
Irvine Bay (1992) (1993)
Largs (1992)(1994)
Lochgilp (1993) (1994)
Portavadie (1994)
Prestwick (1992) (1994)
Saltcoats (1992)
Seamill/Farland Head (1992) (1994)
Sound of Kerrera (1994)
Strone/Ivy Bridge (1994)
Troon (North Sands) (1992) (1994)
Troon (South Sands) (1993)
HIGHLANDS
Alness (1994)
Applecross Bay (1992)
Balmacara Bay (1992)
Balintraid (1993)
Craigton (1993)
Cublin Forest (1992)
Cublin Sands (1992) (1993)
Culbin, The Bar (1993) 
Fortrose/Rosemarkie (1992) (1993) (1994) 
Kylesku (1992)
Milton (Beauly Firth) (1994)
North Kessock (1994)
Scourie Bay (1992)
Tain (1992)
ISLANDS
Burray (Isle of Orkney) (1992) (1993) (1994) 
Newark Bay (Isle of Orkney) (1992)
Kirkhope Bay (Isle of Orkney) (1992)
Myre Bay (Isle of Orkney) (1992)
Widewall Bay (Isle of Orkneys) (1993) (1994) 
Traich Na Berie (Isle of Lewis) (1993) 
Melbost Beach (Isle of Lewis) (1994)
Ness (Isle of Lewis) (1994)
Machir Bay (Islay) (1993)
Borve (Isle of Benbecula) (1994)
Finnphort (Isle of Mull) (1994)
DUMFRIES & GALLOWAY
Annan (1994)
Auchenmaig Bay (1993)
Carse Bay (1992)
Eastriggs (1993) (1994)
Garlieston (1993) (1994)
Loch Ryan (1993)
Mersehead Sands (1993)
Netherlaw Point (1993)
Port William (1992)
Priestside Bank (1994)
Southemess (1992) (1993)
Thirle Stane/Carsethom Bay (1993)
Torrs Point (1993)
NORTHERN IRELAND
Annalong (1994)
Ballintoy/White Park Bay (1992) (1994) 
Ballyhalbert (1994)
Bally waiter (1994)
Ballyferris Point (1992)
Bangor (1993)
Camfunnock Bay (1992)
Carrickfergus Castle (1992)
Castle Espie (1992) (1993)
Comber (1992) (1993)
Craigavad (1992) (1993) (1994) 
Crawfordsbum (1992)
Cultra (1993) (1994)
Downhill (1993)
Groomsport (1992)
Kearny Point/Knockinelder Bay (1992)
Kilkeel (1992)
Killinchy (1993)
Lame (1992) (1993)
Millisle (1992)
Mount Stewart (1992) (1993) (1994) 
Newcastle (1993) (1994) 
Newtownards (1993)
Portaferry (1992)
Rathlin West (1992) (1994)
Rathlin East (1992)
South Island, Grey Abbey (1992) 
Whitehead (1993)
CHANNEL ISLANDS
Guernsey
Baie De Port Grat (1992)
Belle Greve Bay (1992) (1993) 
Fermain Bay (1993)
Le Jaonnet Bay (1992) 
Pembroke/L'Ancresse Bay (1992) 
Petite Bot (1992) (1993)
Petite Port Bay (1992)
Saints Bay (1992)
Vazon Bay (1993)
Jersey
St Brelades Bay (1992)
St Aubins Bay (1993)
Petit Port/St Ouens (1993) (1994)
St Clement/Le Hocq (1993) (1994) 
La Rocque (1993) (1994)
Grouville Bay (1994)
Alderney
Arch/Corbletts (1992)
Braye (1992)
ISLE OF MAN
Peel (1992)
Port Erin (1992)
Port St Marys (1992)
Ramsey Bay (1992)
Appendix IV
Regional co-ordinators 1992-1994
Region 1992 1993 1994
Scotland Sue Bell (Marine Conservation Society) Mary Duncan
(Aberdeen
University)
Cumbria,
Lancashire,
Merseyside
Dr Mark Woombs (Knott End Sailing Centre)
West Glamorgan, 
Mid Glamorgan, 
South Glamorgan
Peter Hollamby, Mike Thomas (St Cyrus School, Penarth)
Clwyd, Gwynedd, 
Dyfed
Dr Eifion Jones (North Wales Wildlife Trust)
Avon, Somerset Guy Linley-Adams 
(Marine Conservation 
Society)
Cait Loretto 
(Marine Conservation 
Society)
National co­
ordinating centre
Devon, Cornwall Peter Wise Jill Strawbridge, 
Richard Edmonds 
(Charmouth 
Heritage Coast 
Centre)
Dr Carolyn 
Heeps
(Bournemouth
Universty)
Dorset, Hampshire, 
Isle of Wight, 
Sussex, Kent
Dr Carolyn Heeps (Bournemouth University) 
Richard Edmonds (Charmouth Hertiage Coast 
Centre)
Essex, Suffolk, 
Norfolk, 
Lincolnshire, 
Humberside
Julie Crowson (Skegness and District 
Environmental Action Group)
Pat Gowen 
(North Sea 
Action Group)
Yorkshire, Cleveland 
Durham, Tyne & 
Wear,
Northumberland
Dr Graham Staples (Redcar Sixth Form College)
Appendix V
NORWICH UNION COASTWATCH UK SURVEYORS PROFILE 
(Please respond by ticking the appropriate box [])
1. Which of the following years have you participated in Norwich 
Union Coastwatch UK?
1989 [] 1990 [] 1991 [] 1992 []
2. How did you hear about Norwich Union Coastwatch UK?
Television [] Radio [] Newspaper/magazine [ ]
Friend [] Other []
If other please specify^______________________ _____________________
3. How many people completed the survey with you last year 
(including yourself)?
1 [] 2-5 [j 5-10 [] 10-15 (] 15+ []
4. How far do you live from the coast?
0-5 miles (] 5-10 miles [ ]  10-20 miles []
more than 20 miles []
5 . is there any other information you would like to see 
included:
(a) on the questionnaire
(b) as background information
(c) as follow up material
9. Do you spend any class time preparing for the survey before 
going out?
Yes [ ] No [ ]
If yes, approximately how much time?
10. Do you spend any class time looking at the results after the 
survey?
Yes [] No []
If yes, approximately how much time?
LOCAL INTEREST GROUPS - PLEASE COMPLETE THE FOLLOWING SECTION
1 .  i s  the survey used as part of an educational programme?
Yes I ] No []
2. Do you use the results you collect during the survey for the 
groups# own campaigns?
Yes [] No (]
3. If Yes, which sections of the questionnaire are most useful to 
you?
4. Have you used any of the follow up ideas? 
Yes (] No []
5. If Yes, which ones?
Appendix VI
Guidance n o te s  for national questionnaire
This questionnaire is in response to requests made by Local Authorities for additional 
inform ation to be collected. Please fill in one questionnaire per unit.
N1 This refers to byelaws such as those to control 
dog fouling, recreational activities, dropping of 
litter etc.
N2 Please only answer this question if you have 
surveyed the exact unit in a previous survey.
N7 This may be the Local Authority, a private 
landowner, the National Trust etc.
N8 This is based on your opinion. It may be a 
building, sign posts, a wartime structure, a car park 
etc. Remember what may be unsightly to one person 
may be acceptable to another.
N10A  sewage slick is a visible plume of sewage that 
has been discharged from the treatment system.
Under certain conditions such a slick can be easily 
seen and may have flocks of gulls associated with it 
and debris such as condoms may be visible.
Important! Now read the safety Instructions . .  .
Facts! -  Oil pollution
National
Curriculum
Subject
Attainment
Target
Science
Science
Large oil spills have featured heavily in the press and 
the risk of such spills has increased with the 
exploitation of North Sea Oil and the rise in tanker 
traffic around the British Isles. Tanker accidents 
account for only about 3.3% of the total oil input to 
the marine environment -  the vast majority comes 
from everyday shipping and refinery operations.
What happens when an oil spill occurs?
Crude oil spreads very quickly once it meets 
seawater. The bulk of the oil forms thick small 
islands. The size of the slick is controlled by surface 
tension and viscosity.
When oil comes into contact with air and water its 
composition changes through evaporation, solution, 
chemical oxidation and biodégradation. The lighter, 
more volatile fractions evaporate, the water-soluble 
components dissolve in the seawater and the 
immiscible (ie not capable of being mixed) 
components become suspended in the water column 
as small droplets. These droplets may degrade fairly 
quickly as they have a large surface area for attack 
by bacteria.
The remaining oil fraction spreads less quickly since it 
is more viscous. It may gather suspended sediment 
and sink or form tar balls which eventually get 
washed up on the shore.
What are the dangers for wildlife?
Seabirds which spend most of their time swimming 
and diving for food are the most frequently affected 
by oil spills. If their feathers become covered in oil, 
the birds attempt to clean them by preening, resulting 
in much of the oil being swallowed. Oil also destroys 
the waterproofing of the plumage so that the bird 
loses its insulation and buoyancy.
Many micro-organisms living in estuarine mud may 
absorb poisons which can accumulate in higher levels 
of the food chain. Crustaceans and molluscs can also 
die from smothering. In turn this will reduce the food 
available for birds such as waders who will be forced 
to leave the estuary. This type of incident happened in 
1983 after an oil spill in the Humber Estuary.
Oil slicks prevent sunlight from penetrating the water 
column thereby preventing organisms from 
photosynthesising.
Oil is particularly dangerous to mammals who may 
ingest it. It also affects their insulating layer leaving 
them exposed to the cold.
Facts! -  Marine pollution: What is it?
Pollution can be defined as the introduction into the environm ent of substances or surplus 
energy which harm s living organism s and ecological systems, threatens hum an health, 
damages structures or am enities, or interferes w ith legitimate activities in the marine 
environm ent.
How does it get into the marine environment?
Pollution can be accidental or deliberate. The sea is 
loaded with huge amounts of pollutants each year 
through direct discharges, eg sewage; via rivers 
(such as agricultural run-off); from the atmosphere 
(such as sulphur) and by dumping from ships, 
platforms or aircraft. Many items of debris are 
washed up from the sea on to the shoreline, adding 
to the vast amounts of litter already on our beaches.
What are the different types of pollutants?
Pollutants can be grouped into four main categories: 
Domestic
such as sewage; refuse; silt; oil; lead.
Agricultural
such as natural organic matter; artificial fertilisers; 
pesticides.
Industrial
radioactive waste; refuse and oil from shipping; 
biodegradable industrial waste; inorganic and 
persistent organic waste; thermal discharge; 
dredging spoil; incineration products.
Other
may include medical waste; antifouling and chemical 
preservatives.
Norwich Union Coastwatch UK looks primarily at 
visible signs of pollution on the shoreline but also 
looks at the condition of rivers, streams, drains and 
pipes via quality indicators and details of potential 
threats to the coast from erosion, recreation and 
industry.
Below are notes for non-specialists on some aspects 
of marine pollution relevant to Norwich Union 
Coastwatch UK.
Further details of the effects of various types of 
pollutants can be obtained from the Marine 
Conservation Society, 9 Gloucester Road,
Ross on Wye, Herefordshire HR9 5BU 
(please include an SAE for reply).
Find out more! -  Adoption s c h e m e
National 
Curriculum Attainment
Subject Target Levels Strand
Science 1 2 1, II and III
Science 2 3 III
Science 2 5 III
Geography 5 2 /3 /4 /5 /6 /7 /8 /1 0
Coastwatch Europe colleagues working through the 
Dublin Bay Environment Group have recently set up 
an 'adoption scheme’ whereby groups of volunteers 
‘adopt’ an area of special scientific interest and help 
gather information on it, protect it and educate others 
about it. We would wish to promote this initiative in 
the UK, via the Norwich Union Coastwatch UK office.
Volunteers may wish to set up a similar scheme in 
their area, for example 'adopt' a stretch of coastline 
close to their school, house etc and monitor and/or 
clean the area on a regular basis.
We would not wish to limit the scheme to areas of 
scientific interest only, it may be a stretch of 
coastline you regularly use and would like to know 
more about or it may be your local beach that you’d 
like to help become litter-free.
Aims of the adoption scheme
■ To get to know a site, monitor it regularly and report 
any incidents of pollution or concern to the 
appropriate authorities.
* To protect the site -  be informed about any action 
which may threaten the site, so it can be avoided.
* Education -  research the background of your site and 
inform others of threats or improvements to the area.
Below are some guidelines for starting your own 
‘adoption scheme’:
1. Select Your Site
Make sure your site is accessible to you and suitable 
for your group depending upon the expertise and 
interests of the group. Make sure you keep a note of 
the map reference of the site and details such as 
dates you intend to monitor the site.
2. Site Selection (Recording Sheet A)
Start by recording a detailed description of your site, 
including a map reference, important features and 
boundaries, any special designations the site may 
have, land use and threats to the site. Liaise with the 
local authority, county council, landowners and any 
other local groups who have an interest in the site. 
Consult the planning department of the local authority 
to obtain a map showing habitat types, land use, 
geology and ecology of the site. Compare new and 
old maps to show how the area has changed. This 
may indicate which areas need special attention.
Be aware of both national and local legislation 
relevant to your site. Again, the local authority should 
be able to help you with this.
3. Begin Regular Monitoring (Recording Sheet B)
It is essential to monitor the site regularly and record 
its appearance even if there has not been any obvious 
threat or change since your last visit. Keep a note of 
the date of each visit and record incidents such as:
Vandalism.
Pollution.
Any developments which may affect the site such as 
industry, leisure or agriculture.
Monitor any changes in legislation which may affect 
your area. Is the legislation being enforced?
Keep up to date records on planning applications 
affecting your site.
Does any part of your site need special protection?
Any of the above may then require further action -  
for example, a beach clean-up (see Norwich Union 
Coastwatch UK Resource File) after a pollution 
incident, reporting incidents of vandalism or any 
obvious breaches of legislation to the relevant 
authorities.
These are just brief guidelines. However you decide 
to approach your adoption scheme we would suggest 
that you design a recording sheet which is filled in 
every time you monitor so you can keep a regular 
check on chosen aspects of your site. It would also 
be useful to keep them in a file which can be 
presented to the local authority or other interest 
groups.
Norwich Union Coastwatch UK coastal adoption scheme
Record sheet A -  
Initial site description
Name of adopting group 
Address
Telephone
Composition of group eg teacher, 
students, biologist, farmer
Site name 
Date
Site address
including grid reference of 
boundaries
Area of site 
acres, hectares
Access to site 
Protection status 
Land use 
Ownership
Legislation relating to the site
Threats to the site
Immediate
Long term
Any other information 
eg special features
Norwich Union C oastw atch  U K coasta l  adoption sc h e m e
Record sheet B -  
Monitoring
1. Site name 
Date
2. Since your last visit, have 
there been any changes in
a)Land use
b) Ownership
c) Legislation applicable to 
the site
3. Are there any new industrial 
developments relevant to the 
site
4, Are there any signs of:
a) Vandalism
b) Pollution
c) New threats
5. Has the site been cleaned since 
the last visit by:
a) Yourselves
b) Others
6. Are there any other 
improvements to the site since 
the last visit
7. Action taken by yourselves 
during the visit eg clean up, 
ecological survey
8. Action needing to be taken as a 
result of your visit eg reporting 
pollution
Find out more! 
Identification guide
Science 2 2 ii, iii
2 4 ii.iii
2 6 Kb), ii,
2 5 iii
2 7 iii
ThelCoastwatch UK survey asks
surveyors to record common animals and plants
on the seashore. Most of these are easily
recognised. You may want to return to the shore
and make a more detailed record of plant and
animal life. To help you we have recommended a
few guides at the end of th is section. To assist
w ith the Coastwatch UK survey
we have provided a simple pictorial guide.
Dogwhelk and Periwinkle
Both are a type of sea snail. They belong to the 
group called Molluscs. They can be distinguished 
by looking at the lip of the shell. Dogwhelks have 
a groove in the ir shell.
Limpet
Also in the Mollusc group. They have grey, cone 
shaped shells and stick to rocks using a large 
muscular foot. The common limpet is found on 
exposed rocky shores.
Crabs
Belong to the Crustacean group -  they have a 
hard case over the ir bodies to protect them. They 
have five pairs of legs, the first pair have pincers.
Barnacles
Are in the same group as crabs. They are found 
attached to rocks. They vary in size and shape 
and become taller when crowded, and flatter 
when on exposed rocks.
Dog'vvhe\k
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Detection of Sewage Pollution Using Bacterial Indicators
(1) Background
Normally seawater, although it appears clear, contains many 
different bacteria, yeasts and fungi which are regularly found in
the environment and may not necessarily be harmful. However,
pollution of inshore waters by untreated or partially treated sewage 
can give rise to health risks to recreational users, primarily
through swallowing water containing pathogenic (ie disease-causing) 
micro-organisms. In the UK the diseases which are most likely to be 
transmitted through these pathways include Salmonella infections and 
gasteroenteritis-type infections caused by a range of viruses.
At present it is not considered practical to monitor bathing water 
samples for all the potential pathogens that they may contain if 
they have been sewage contaminated. Instead an 'indicator' organisms 
is sought. This indicator organism is usually present in sewage in 
vast numbers and as such is easier to find than a single pathogen. 
The presence of the indicator species is enough to suggest that a 
host of other organisms, many capable of causing disease, may be 
present in the water.
The official method used by the European Commission (EC) is one 
which detects coliform bacteria (including both normal environmental 
and sewage-derived bacteria) and Escherichia coli (E. coli)- which
originates only from animal or human faeces.
However, there is much debate about the relevance to health hazards 
of E. coli as an indicator bacterium. There is growing support for 
the theory that another type of bacterium associated with human and 
animal faeces, called Streptococcus faecalis (or faecal streps) may 
be a better sewage pollution indicator. Faecal 
streps are more resistant than E. coli to environmental stress 
and thus survive longer. They, are rarely found in an unpolluted 
environment and are a better indicator for the presence of viruses 
which cause the majority of problems for people bathing in polluted 
water. The number of virus particles required to cause infection is 
generally considered to be much lower than that of bacterial 
pathogens, so an indicator which may 'mirror' viral survival in 
seawater may be more appropriate than one such 
as E. coli which is relatively short lived.
The Norwich Union Coastwatch UK survey advocates the use of a 
combination of indicator bacteria - and for this reason the 
microbiological test kit includes sufficient materials to undertake 
three determinations each for E. coli and total coliforms, E. coli 
alone and faecal streps.
The EC Bathing Water Directive sets out the following Guide and 
Imperative levels for bacteria in bathing water:
Imperative Guideline
Total Coli forms (per 100 ml) 10 000 * 500 +
E. coli (per 100 ml) 2 000  * 100  +
Faecal streptococci 
(per 100 ml)
100  * *
Salmonella / 1 litre 0
* - ^ust not be exceeded in 95% of samples; + = must not be exceeded 
in 80% of samples ; ** = must not be exceeded in 90% of samples.
(2) MOST PROBABLE NUMBER (MEN) TEST FOR POLLUTED WATER
i'fris method can be carried out in a number of ways and is a simple 
minimal manipulation method yielding reliable presumptive results. 
It is an estimate of bacterial numbers based on probability
formulas. To obtain statistically valid MPN values, a minimum series 
of three, but preferably five tubes, each inoculated with decimal 
Quantities of sample should be run. The number of positive results 
obtained from multiple-portion decimal dilution inoculations is
computed as the combination of positives and recorded as the Most 
Probable Number (MPN). The MPN for various inoculation series and 
results is given in the table attached. Also included in the table 
are the 95% confidence limits for each MPN value determined. The 
k^ -kls does not include all positive combinations - however the most 
likely ones are shown. The MPN for combinations not appearing in the
table, or for other combinations of tubes or dilutions, may be
estimated by Thomas' simple formula:-
MPN/100 ml = No. of positive tubes x 100
In this test, you will effectively inoculate three series of five 
tubes with 10, 1 and 0.1 mis of seawater. The exact method is 
outlined in the following section.
I ml sample in x ml sample in 
\I negative tubes all tubes
(3 )  TEST METHODS
(3.1) THE MICROBIOLOGICAL TEST KIT CONTAINS THE FOLLOWING ITEMS.
Please ensure that you have all items in your kit before beginning 
the exercise.
45 green-labelled bottles - for E. coli
45 unlabelled bottles - for E. coli and total coliforms 
45 blue-labelled bottles - for faecal streps 
1 x 1 ml syringe 
1 x 10 ml syringe
IMPORTANT - You must ,provide your own sample bottle/container. This 
must be a vessel that can be sterilised, either by immersion in 
boiling water or by the addition of a small amount of methanol or by 
autoclaving. Ensure that the sample bottle has been sterilised in 
this way before taking it into the field. If possible, it is 
advisable to have a separate, sterile container for each sampling 
point (three in total) . If only one such container is available, 
ensure that it is rinsed thoroughly with tap or distilled water 
between determinations at each sampling site.
Please ensure that you take an indelible marker pen with you into 
the field so that all tubes can be properly labelled.
(3.2) SAFETY PRECAUTIONS
Please carefully follow the precautions outlined so that the test 
can be completed safely and accurately.
ONE OF THE GROWTH MEDIA USED IN THE TEST CONTAINS SMALL AMOUNTS OF 
INHIBITORS (EG SODIUM AZIDE) TO PREVENT GROWTH OF MICROBES OTHER 
THAN FAECAL STREPTOCOCCI. THESE ARE ALSO HARMFUL TO HUMANS, SO 
THEREFORE WASH HANDS THOROUGHLY AFTER HANDLING. IF THERE IS A SPILL, 
ALLOW COPIOUS AMOUNTS OF WATER TO DILUTE THE MATERIAL.
AFTER INCUBATION, THE MATERIAL IN ALL THE TUBES MUST BE DISPOSED OF 
PROPERLY. THIS IS BEST ACHIEVED BY AUTOCLAVING, BUT IF YOU DO NOT 
HAVE ACCESS TO AN AUTOCLAVE, IMMERSE THE TUBES (WITH THEIR LIDS 
LOOSENED) IN A BEAKER CONTAINING A SOLUTION OF METHANOL OR OTHER 
DISINFECTANT FOR AT LEAST 30 MINUTES AND THEN DISPOSE.
If you have any queries please contact the Norwich Union Coastwatch 
UK office.
( 3 . 3 )  TEST MEDIA
The media used in this test are : -
E. coli and total coliforms - MacConkey broth plus MUG 
E. coli - Tryptone water plus MUG
Faecal streps - Kanamycin aesculin azide broth (KAA)
MacConkey broth is a differential medium for the detection, 
isolation and enumeration of coliforms, including E. coli. We have 
added the supplement methyl umbelliferyl glucuronide (MUG). E. coli 
reacts with MUG to produce fluorescence under long wave ultraviolet 
light. Thus a positive result for total coliforms indicates a colour 
change from purple to yellow whereas a positive result for E . coli 
is indicated when there is both a colour change and fluorescence 
under long wave ultraviolet light. Please be sure to make the 
distinction between positives for E. coli and total coliforms.
We have included the Tryptone water plus the MUG supplement to help, 
confirm the E. coli result obtained with the MacConkey broth plus 
MUG. A positive result for E. coli with this medium will be 
indicated by fluorescence under long wave ultraviolet light.
KAA is a highly selective medium for streptococci, using the 
substance sodium azide and kanamycin sulphate to inhibit the growth 
of other bacteria. After incubation, a positive result is indicated 
when the broth changes from brown to black.
(3.6) SAMPLING
The Norwich Union Coastwatch UK microbiology test kit contains 
sufficient reagents to undertake three determinations each for E. 
coli (including total coliforms), E. coli alone and faecal streps. 
We would advise you to take samples at each of three locations in a 
sample bottle and undertake all types of microbiological 
determinations at each site.
Give a full site description of where you take the sample, entering 
the information in the appropriate place on form G1. The choice of
site is left to your discretion. All you must ensure is that it is
within your block. You may wish to sample in the vicinity of an 
outfall or inflow, at a point where many bathers are usually found
or near any other point of interest or land mark. You may decide to
sample at a single point on three separate occasions. We leave the 
final choice to you, but please specify clearly the sampling 
strategy used. If possible give a grid reference and date of each 
sample.
To take a sample, ensure that fingers do not touch the mouth of the 
sample bottle. Flush it through several times with seawater from the 
location before finally using the sample for the tests.
PLEASE READ THE FOLLOWING INSTRUCTIONS CAREFULLY.
(4) PROCEDURE
You. are provided with three sets of tubes to undertake 
determinations for : -
(1) E. coli/total coliforms - unlabelled tubes
(2) E. coli only - green-labelled tubes
(3) Streptococcus faecalis (faecal streps) - blue-labelled tubes
Each individual test requires fifteen tubes. You thus have 
sufficient tubes to undertake three E. coli/total coliform tests, 
three E. coli tests and three faecal strep tests.
(4.1) Wash hands thoroughly with soap and water to remove any faecal 
organisms lodged there or use an alcohol impregnated wipe.
(4.2) For each determination take fifteen tubes of the appropriate 
medium. Label five tubes (of each medium) SI, five tubes 52 and five 
tubes S3.
(4.3) Use the sample bottle to collect the seawater. Flush it out 
several times with seawater at each sample site to ensure that the 
sample is representative. This seawater sample will be appropriate 
for both E. coli and faecal strep determinations at the same site.
(4.4) To the five tubes marked SI carefully add 10 mis of seawater 
from the sample bottle using the 10 ml syringe. This is series 1 
undiluted (ie 10 mis seawater).
(4.5) To each of the five tubes marked S2, use the 1 ml syringe to 
add 1 ml of the seawater from the sample bottle. This is series 2 - 
diluted 1:10 (ie 1 ml seawater).
(4.6) To each of the five tubes marked S3, add 1 ml of the following 
seawater sample:
Take 1 ml of the seawater from the sample bottle in the 10 ml 
syringe. Make up to 10 mis with distilled/tap water. Then add 1 ml 
of this sample from the syringe and add it to each of the five S3 
bottles (NOTE: this can be done in the laboratory or classroom
immediately on return from the coast). This is series 3, diluted 1: 
100 (ie 0.1 ml seawater).
(4.7) Incubate all tubes at 37 C for 24 hours. Before incubation, 
shake the tubes and their contents to ensure that the reagents are 
fully mixed.
(5 )  RESULTS
(5.1) E. coli/total coliform tubes (unlabelled tubes)
(a) record as positive for E. coli ONLY those tubes that have both 
changed colour from purple to yellow AND fluoresce under UV light.
(b) Record as positive for total coliforms those tubes that ONLY
show a colour change from purple to yellow.
(5.2) E. coli alone tubes (green-labelled tubes)
Record as positive for E. coli those tubes that fluoresce under UV
light.
(5.3) Faecal streps (blue-labelled tubes)
Record as positive those tubes that change colour from dark brown to 
black.
(5.4) If you are unsure of the results, incubate the tubes at 37 C 
for a further 24 hours.
(5.5) Record the test results for E. coli (both sets), total 
coliforms and faecal streps in the following way:
(i) Note the number of tubes in each of Series SI, 2 and 3 showing a 
positive reaction.
(ii) Write the results in the following triplet format : -
Total positives in Si-Total positives in S2-Total positives in S3
(iii) Thus if all five tubes for any one test are positive in SI, 
one in S2 and none in S3, the results appear : -
5-1-0
(5.6) Read off the triplet against the table to give the MPN for 
each of the three bacterial groups.
(5.7) Enter the triplet and the MPN for each of the three sites in 
the additional questionnaire section G1.
NOTE: if any of the combinations are recorded which are not in the
table, please use the combination immediately below its value. Thus, 
if the recorded result is 0-2-1, refer down to the MPN for 0-2-0 
rather than up to 1-0—0. Alternatively, use Thomas formula as 
described in Section 2.
Most Probable Number (MPN) Index and 95% Confidence Limits For 
Series of Five Tubes Per Dilution (10 ml, 1.0 ml, 0.1 ml)
Combination of MPN Index 95% Confidence Limits
Positive Tubes per 100 ml Lower Upper
0 -  0 -  0 <2
o - 0.- 1 2 <0.5 7
0 — 1 — 0 2 <0.5 7
0 - 2 - 0 4 <0.5 11
1 — 0 — 0 2 < 0 . 5  /
1 - 0 - 1  4 <0.5 11
1 - 1 - 0  4 <0.5 11
1 - 1 - 1  6 <0.5 15
1 - 2 - 0 6 <0.5 15
2 - 0 - 0  5 <0.5 13
2 - 0 - 1  7 1 17
2 - 1 - 0  7 1 17
2 - 1 - 1  9 2 21
2 - 2 - 0  9 2 21
2 - 3 - 0 12 3 28
3 - 0 - 0  8 1 19
3 - 0 - 1  11 2 25
3 - 1 - 0  11 2 25
3 - 1 - 1  14 4 34
3 - 2 - 0  14 4 34
3 - 2 - 1  17 5 46
4 - 0 - 0 13 3 31
4 - 0 - 1  17 5 46
4 - 1 - 0 17 5 46
4 - 1 - 1  21 7 63
4 - 1 - 2 26 9 78
4 - 2 - 0 22 7 67
4 - 2 - 1 26 9 78
4 - 3 - 0 27 9 80
4 - 3 - 1 33 11 93
4 - 4 - 0  34 12 93
5 - 0 - 0  23 7 70
5 - 0 - 1  31 11 89
5 - 0 - 2  43 15 110
5 - 1 - 0 33 11 93
5 - 1 - 1  46 16 120
5 - 1 - 2  63 21 150
5 - 2 - 0  49 17 130
5 - 2 - 1  70 23 170
5 - 2 - 2 94 28 220
5 - 3 - 0  79 25 190
5 - 3 - 1  110 31 250
5 - 3 - 2  140 37 340
5 - 3 - 3  180 44 500
5 - 4 - 0  130 35 300
5 - 4 - 1  170 43 490
5 - 4 - 2 220 57 700
5 - 4 - 3  280 90 850
5 - 4 - 4  350 120 1000
5 - 5 - 0  240 68 750
5 - 5 - 1 350 120 1000
540 180 1400
920 300 3200
1600 640 5800
>2400
G1 MICROBIOLOGICAL TESTS
When complete return form G1 to Norwich Union Coastwatch UK,
Farnborough College of Technology, Boundary Road, Farnborough, Hants G U 14 6SB
MPN OF BACTERIA PER 100 MLS OF SEAWATER
M PN M PN MPN MPN  
E. C O U /1 0 0  MLS TOTAL COLIFORMS E. C O U /1 0 0  MLS f a e c a l  s t r e p s  
(unlabelled) /lO O M L S  (unlabelled) (green labelled) /100 MLS (b*je labeled)
TRIPLET M PN TRIPLET MPN TRIPLET MPN TRIPLET MPN
SITE DESCRIPTION  
INCLUDING  
MAP REFERENCE
1
DATE
2
DATE
3
DATE
Norwich Union Coastwatch UK
MICROBIOLOGICAL TEST KIT INSTRUCTIONS
1993
BACTERIA IN SEAWATER
Seawater contains large numbers of different micro-organisms, 
including bacteria, fungi and viruses. The bulk of these 
organisms naturally occur in the seawater environment and may 
not necessarily be harmful. However, pollution of coastal waters 
by untreated or partially treated sewage can drastically alter 
the composition of the seawater's microflora. Disease-causing or 
pathogenic microbes, mainly viruses, carried by the sewage can 
give rise to health risks to bathers and other recreational 
users. Although we don't set out to swallow seawater, it has 
been estimated that on average bathers may swallow 10-15 ml of 
seawater every time they swim. Thus, if that seawater has been 
contaminated by sewage, there is a real risk of swallowing an 
unhealthy cocktail of bacteria and, more importantly, viruses.
Recent UK government-funded research has confirmed that bathers 
have a significantly increased chance of contracting a whole 
range of minor symptomatic illnesses than do non-bathers. That 
increased chance further increases as the quality of the 
seawater decreases. Therefore bathers swimming in seawater that 
has higher levels of sewage-related bacteria run a much greater 
risk of contracting illnesses such as diarrhoea and 
gastrointestinal infections than do bathers swimming in clean 
seawater.
Currently it is impractical to monitor a bathing water sample 
for the whole range of potentially harmful micro-organisms that 
it may contain if it has been sewage contaminated. Instead an 
'indicator' organism is sought. A good indicator organism is one 
that is present in sewage in vast quantities, is not normally 
found in the natural environment unless sewage contamination has 
taken place, is easy to find and can be related to the level of 
sewage contamination in the seawater. The presence of such an 
indicator organism is enough to suggest that a large number of 
other micro-organisms, many capable of causing disease, may be 
present in the water.
The microbiological determinands suggested by the European Union 
(EU) in its directive on the quality of bathing waters are 
listed in Table 1. In practice, compliance with the directive is 
only assessed on the levels of coliform bacteria (including both 
normal environmental and sewage-derived bacteria) and faecal 
coliforms or Escherichia coli (E.coli), only found in animal and 
human faeces. There are continuing discussions about what 
actually is a faecal coliform - for the purposes of our survey 
we will consider faecal coliforms and E.coli to be synonymous. 
Thus in the interests of consistency, we will only refer to 
E.coli for the remainder of this document.
Table 1 also includes standards for other micro-organisms.
It is considered unrealistic to achieve both the enterovirus and 
salmonella zero standards by the regulatory authorities 
throughout -. Europe - thus they are effectively ignored. 
Similarly, the guideline standard for another sewage-associated 
bacterium [Streptococcus faecalis or faecal streps) is not used 
in determining the pass/fail criterion for a bathing water.
There is much debate about the relevance to health hazards of 
E.coli as an indicator bacterium. It is relatively short lived
in the natural environment and thus may not be detectable after
a short time, even though the water may still be effectively 
contaminated by sewage. Viruses have been shown to survive for 
several weeks in seawater. As viruses are the predominant cause 
of the host of swimming-associated illnesses, it would seem 
foolhardy not to attempt to determine whether a water body may 
contain such organisms. In the absence of a suitable viral 
indicator, many authorities consider that the levels of faecal 
streps may be a better sewage pollution indicator than E.coli.
Faecal streps are more resistant to environmental stress than
E.coli and thus survive longer - days to a week as opposed to 
hours to a day or so. They are rarely found in an unpolluted 
environment which, coupled with their enhanced survival, makes 
them a better indicator for the potential presence of viruses. 
This therefore better indicates the potential hazard to human 
health posed by sewage pollution.
Norwich Union Coastwatch UK advocates a fuller implemencation of 
the EU bathing water directive - using faecal streps in 
conjunction with the coli forms and E.coli as the basis on which 
to make the pass/fail assessment of a bathing water. This gives 
a fuller appraisal of the water quality and can only be 
considered an improvement on the current situation. When the EU 
finally revise the bathing water directive and base the 
indicator levels on health risk, a suitable indicator of viral 
presence must be included.
It must also be remembered that sewage-contaminated seawater 
poses risks other than those to bathers. A major problem arises 
in the shellfish industry, where sewage-related micro-organisms 
can contaminate shellfish, making them unmarketable. If 
contaminated shellfish inadvertently reach the markec place, 
major poisoning outbreaks can result. The measures caken to 
protect the public rely largely on the use of E.coli as an 
indicator. Once again, as the predominant shellfish contaminants 
are viruses, it appears that the wrong indicator organism may be 
targeted.
The Norwich Union Coastwatch UK microbiological test-kit
comprises a novel, easy to use yet accurate me u hod of 
enumerating coli forms, E.coli and faecal streps in seawater 
samples. It is a field trial of the techniques and of different 
selective media for the current indicator organisms. As we 
continue to gather valuable information on the performance of
the test-kit materials over the years of the survey, it is hoped
that we can eventually develop the test-kit for use by all those 
with an interest in the microbiological quality of ,seawater.
Full information on the contents and directions for use of the 
tsst-kit are included in the following sections.
Our test-kit utilises methods slightly different to those used 
by the National Rivers Authority (NRA), the body responsible for 
monitoring UK bathing waters. Thus our test results cannot be 
directly compared with their data. It must also be noted that 
the published NRA results are the average of around twenty-one 
individual samples taken over the bathing season (May 
October). Our results are one-offs and may legitimately vary 
quite considerably from those of the NRA.
NORWICH UNION COASTWATCH UK MICRORTOT.QGICAT, TRST-KITS 
A .GENERAT,
The Norwich Union Coastwatch UK microbiological test-kit is a 
further step in the development of a rapid and accurate method 
of determining the quality of seawater. The materials enclosed 
include two media traditionally used to determine the presence 
of sewage bacteria in bathing waters plus two experimental media 
for the isolation of E.coli. The analytical method selected this 
year is membrane filtration, which gives a more accurate 
quantitative estimation of bacteria in a sample than does the 
multiple tube fermentation method used in the previous two 
surveys. Surveyors this year are provided with ten membrane 
filtration units and four different media. This is sufficient to
make ten determinations of sewage-related bacteria in seawater
samples.
We would recommend either collection of one water sample to make 
replicate determinations or collection of two different water
samples for one-off determinations.
The test-kit is designed to be operable in the field, but
surveyors may wish to collect the water sample (s) in the field
and then return to the laboratory to complete the analysis.
However, it must be noted that any seawater samples collected in
the field must be kept cool and dark and analysed within four 
hours.
Please read the instructions very carefully before attempting to 
use the :esc-kit. Particular attention should be paid to the 
sections on sampling and to the resources required to complete 
the analyses.
B.TEST-KIT CONTENTS
Each pack should contain the following : -
9 x Millipore 55-plus filter units plus red port caps 
1 Millipore 55-plus filter unit attached to a 50 ml syringe 
1 spare Millipore 55-plus filter unit red port cap 
1 spare adaptor-bung 
1 x 15 ml BUG broth - green spot
1 x 15 ml Membrane Lauryl Sulphate broth - white spot 
1 x 15 ml MacConkey/MUG broth - orange spot 
1 x 15 ml Slanetz and Bartley broth - red spot 
4 x 5 ml syringes
1 Jiffy bag addressed to Farnborough College of Technology 
containing a nutrient agar slope and 10 sterile loops.
Please remember to take a marker pen or sticky labels into 
the field with you so that the samples can be properly 
referenced. Also remember to take sterilised sample 
container (s) with you so that the water sample can be 
collected prior to transfer to the filtration unit.
Please check that your test-kit is complete. If there are any 
omissions, please contact the Norwich Union Coastwatch UK office 
immediately.
In addition to the experimental equipment, the pack contains two 
Norwich Union Coastwatch UK T-shirts and four badges.
C.TEST-KIT - WHAT'S NOT INCLUDED
* Sterilised sample container(s) dependant on whether one or two
samples are taken (see Section F).
On return to the laboratory, you will require the following items 
to complete the determinations :-
* two incubators - one to be set at 30°C for resuscitation for 4 
hours, then to be set at 37°C for coliforms and E.coli and the 
other to be set at 44°C for the faecal streps after their 37°C 
resuscitation. If you only have access to one incubator, a water 
bath that has temperature control may be substituted or the
faecal streps can be incubated at 37 °C only rather than the
resuscitation at 37°C followed by 44°C incubation (see Table 2).
* a long wave ultra-violet light source to determine fluorescence 
in the MAC+MUG treatments.
* adequate disinfection/disposal facilities for the discarded 
culture dishes.
D.SAFETY PRECAUTIONS
Ensure that throughout the analytical procedures, full 
techniques are adhered to.
IMPORTANT NOTE- AFTER INCUBATION THE MATERIAL IN  ALL THE
aseptic
CULTURE
DTSHE.q USED D ISPO SA B L E  LOOPS ARE HAZARDOUS AND MUST BE
D T SPnSE D  GE PROPERLY. T H IS  I S  B E ST  ACHIEVED BY AUTOCLAVING, BUT
IF YOU DO NOT HAVE ACCESS TO AN AUTOCLAVE, IMMERSE THE CULTURE
DISHES IN A BEAKER CONTAINING A SOLUTION OF METHANOL OR SOME
OTHER DISINFECTANT FOR AT LEAST 30 MINUTES AND THEN DISPOSE.,.
E.CU LTU RE MEDIA
The four media included in the test-kit are : -
* BUG - an experimental selective medium designed to isolate
E.coli. It includes a substrate, 5-bromo-4-chloro-3-indolyl- 
beta-D-glucuronide (BUG), that requires the enzyme glucuronidase 
for its metabolism. E.coli is one of only a tiny handful of 
bacteria that possess this enzyme.
* MLS - an abbreviation for membrane lauryl sulphate broth, a 
medium currently used by the regulatory authorities to determine 
the presence of both coliforms and E.coli in seawater samples.
* MAC+MUG - an experimental addition of a further selective 
factor, the substrate methylumbelliferyl-beta-D-glucuronide 
(MUG), into the basic MacConkey's broth. MacConkey's broth is a 
widely used medium for the isolation of lactose-fermenting 
bacteria, including coliforms and E.coli. The addition of the MUG 
substrate gives greater selectivity for E.coli, as MUG in common 
with BUG requires the enzyme glucuronidase for its metabolism.
* S+B - an abbreviation for Slanetz and Bartley broth, a medium 
commonly used by the regulatory authorities to isolate faecal 
streptococci from bathing waters.
F.SAMPLE COLLECTION
We suggest that either one or two water samples are collected. If 
one sample is collected, it is recommended that two sets of five 
filtrations are undertaken on the sample so that the replicates 
can be compared. The suggested set of five filtrations is : - 1 x 
S+B, 1 x MAC+MUG, 1 x MLS, 2 x BUG. Thus we will be able to 
compare counts of faecal streps, coliforms and E.coli. We suggest 
two determinations using BUG as this is a new 'recipez and we wish 
to gather as much information on its performance as is possible.
If two samples are collected it is recommended that five 
filtrations are undertaken on each sample. We would recommend the
same set of five filtrations as listed above. This will allow a 
comparison of water quality between the two water samples based on 
the three determinands, whilst also providing valuable comparative 
information on the performance of the different media.
Samples should be collected in a sterilized, labelled container.
This may be any container - preferably a bottle - that has been 
sterilised by immersion in either boiling water or alcohol.
Give a full description of the sampling site (s) on the form 
provided. The choice of site is left to the surveyors' 
discretion. However we recommend undertaking a little research 
prior to the sampling period. In this way, if your block
contains an EU designated bathing water, the sampling site 
chosen could coincide with that regularly used by the NRA. If 
the block does not include a designated bathing water but 
includes an area regularly used by a special interest group such 
as surfers or windsurfers or a shellf ishery, then it may be
interesting to sample in that particular area. If possible, 
please provide a grid reference for the sampling site(s).
The sample should be collected from a depth of approximately 30 
cm. This may require wading in to around knee-height into the 
sea - take extreme care and do not attempt to sample if weather 
or tidal conditions are unfavourable.
To take the sample, ensure that fingers do not touch the mouth 
of the sample container. Flush it through two or three times 
with seawacer from the chosen sample site before finally 
collecting she sample for analysis. The final sample should be 
relatively free of sand or sediment and suspended material which 
may adversely affect the filtration process.
G.SAMPLE VOLUME
Conventionally the numbers of bacteria in seawater samples are 
reported as the number in 100 ml of the sample. The 55-plus
monitor has the capacity to filter 100 ml and thus it is simple 
to add 100 ml of sample, filter, incubate and then count
colonies to give a direct count of a particular bacterium in 100
ml of seawacer. However, in reality counts of indicator bacteria 
in seawater, particularly fairly polluted samples, can reach 
several thousand per 100 ml. In such cases it is impossible to 
count - or often even differentiate - such numbers on a small 
membrane filter. For these reasons smaller volumes of seawater
are filtered, the counts recorded and multiplied by the dilution 
factor to give the count per 100 ml thus : -
1 ml sample- count per 100 ml is 100 x count at 1 ml
5 ml sample- count per 100 ml is 20 x count at 5 ml
10 ml sample- count per 100 ml is 10 x count at 10 ml
50 ml sample- count per 100 ml is 2 x count at 50 ml
and so on.
Generally, counts of total coliforms are higher than those of 
E.coli which are in turn higher than those of faecal streps.
If you have access to the official figures for bacteriological 
quality of the sample site, that will obviously give you an 
indication of the actual volume to sample.
Thus if the water body is polluted, you may expect up to tens of 
thousands of coliforms, thousands of E.coli and several hundreds 
of faecal streps in every 100 ml of seawater. If on the other 
hand, the water body is unpolluted, you may expect counts of 
hundreds of coliforms, tens or fewer of both E.coli and faecal 
streps.
As a rough guide in an effort to give countable numbers of 
colonies on the membranes, we suggest the following ranges of
sample volume depending on the water quality : -
Water
Quality
Medium and Sample Volume (ml)
MLS* MAC+MUG** BUG** S+B#
Polluted 1-5 5-10 5-10 10
Moderate 5-10 10-20 10-20 10-25
Unpolluted 10-20 20-50 20-50 50-100
* - medium for coliforms; ** - media for E.coli; # - medium for 
faecal streps.
Please see Section K for further guidance on counting colonies 
on the membranes.
H.55-PLUS MONITOR UNIT
The 55-plus monitor is a disposable filtration unit designed to 
recover micro-organisms from aqueous media. Volumes of up to 100 
ml can be filtered and the unit then converts to a culture dish. 
Each monitor comprises : -
* base
* bottom port hole
* funnel
* funnel lid
* port cap
In addition, two adaptor-bungs are supplied which fit into 
the bottom port hole.
The base consists of a gridded membrane filter attached to an 
absorbent pad. The bottom port hole allows nutrient medium to be 
introduced after filtration and also allows air to escape during 
the addition of the nutrient medium. The adaptor-bung fits into 
the boscom port hole, allowing a connection to be made with both
the 50 ml filtration syringe and the 5 ml nutrient medium 
syringes.
A graduated 110 ml funnel fits onto the base. The funnel has a 
lid with a built-in magnifying section to aid in the examination
and counting of bacterial colonies.
The whole monitor unit has been irradiated to effectively 
decontaminate it.
I. SAMPLE FILTRATION PROCESS
i. Fit the adaptor-bung into the bottom port hole of the monitor 
unit base.
ii. Fit the 50 ml filtration syringe into the adaptor-bung. 
Before fitting the syringe, ensure that the plunger is fully 
inserted in the barrel of the syringe. The monitor/syringe 
assembly is designed to be operable by one person, although it 
may be more easy for two people to carry out the filtration.
iii. Remove the funnel lid - do not touch the inner— surfaces
and pour the appropriate sample volume into the monitor (see 
Sections F and G for details on sample collection and volume).
If a volume less than 20 ml is to be filtered, make up to 20 ml 
with distilled water.
iv. Slowly withdraw the plunger, drawing the sample through the 
membrane and into the syringe barrel. If the sample volume 
exceeds 50 ml, once the barrel is full, carefully disengage the 
syringe from the adaptor-bung and discard the filtered sample. 
Then reattach the syringe to the monitor unit and continue the 
filtration.
v. Continue this process until all the sample has been filtered. 
Make sure that no excess liquid remains on the membrane surface.
vi. Disengage the filter syringe.
J. ADDITION OF CULTURE MEDIA
To avoid contamination of the media in the pre-sterilized 
bottles, we strongly advise that all the filtrations are 
undertaken at the same time. Each medium may then be added to 
all the appropriate monitor units in sequence. This dramatically 
reduces the likelihood of cross contamination.
i. Carefully open the boctle containing the appropriate medium 
(see Section E). Avoid touching the inner surfaces and mouth of
the bottle.
ii. Invert the monitor, with the funnel and base still assembled.
iii. Carefully withdraw 3 ml of medium from the bottle using the 
appropriate 5 ml syringe (ensure that the same syringe is used 
each time for each different medium).
iv. Hold the monitor at a 45° angle and carefully insert the 
syringe into the adaptor-bung in the bottom port.
v. While slowly rotating the monitor, gently depress the syringe 
plunger to expel the medium. The capacity of the medium reservoir 
in the filter base will not exceed 3 ml.
vi. Repeat steps i-v with each monitor unit for the particular 
medium.
K. CULTURING THE FILTERED SAMPLES
i. Remove the funnel from the monitor base and set it aside.
ii. Invert the funnel lid and place it on a flat surface - such as 
a bench or desk top.
iii. Holding the monitor base carefully at the edges, press it 
gently onto the funnel lid. Do not press the centre of the monitor 
base.
iv. Put the port cap on the port, pressing down until it seals.
v. Reference mark the outside of the culture dish and place the 
inverted dish, cap side up, into an incubator for the appropriate 
time and temperature as shown in Table 2.
vi. It is important to allow the membrane filters to resuscitate 
as indicated in Table 2. Thus the coliform and E.coli treatments 
require 4 hours at 30°C followed by up to 18 hours at 37°C, whilst 
the faecal streps require resuscitation at 37 °C for 4 hours 
followed by incubation at 44-45°C for 44 hours. If only one 
incubator is available, the faecal streps can be incubated at 37°C 
for 48 hours, thus missing out one incubation temperature (see 
Table 2).
vii. After the incubation period, examine the colonies through the 
magnifying area on the lid. Rotate the cover to scan the entire 
membrane surface. Descriptions of the colony characteristics 
expected are given in Section L.
NOTE: When counting total bacteria, if there are a large number of 
colonies, the number in 10 randomly located grid squares can be 
used to estimate the total number on the filter surface. Multiply 
the total number obtained on these 10 random squares by 21 to give 
the membrane total.
T,. COLONY CHARACTERISTICS ON THE MEMBRANE FILTERS
All the broths are provided in colour coded bottles. Each bottle 
contains 15 ml of broth - as only 3 ml is required per membrane 
filter and pad, there is sufficient of each broth to carry out 
five determinations.
Membranes, when moistened, appear grey with black grids. The 
indicator bacteria should appear thus:-
BUG - E.coli will appear as azure blue colonies after the
incubation period. Note - a white deposit will not affect 
the results. Count only the blue colonies.
MAC+MUG - E.coli will appear as yellow colonies after incubation. 
These colonies should fluoresce under UV illumination. Other 
colonies on the membrane may be presumed to be coliforms.
For this survey, count only the yellow colonies that 
fluoresce.
MLS - all yellow colonies on the membrane may be presumed to be 
coliforms, ignore pink or white colonies. Count all yellow 
colonies, irrespective of size.
S+B - faecal streps will appear as small red, pink or maroon 
colonies. The magnifying area of the culture dish lid will 
be required to aid in the counting process. The pink 
colouration may be more pronounced after a few hours at room 
temperature. Count all colonies coloured as described above.
After incubation, transform all the counts obtained to counts
per 100 ml and enter on the results form.
M. E.COLI CONFIRMATION
In an effort to confirm the effectiveness of the isolation media 
and to give greater credence to the microbiological data, we are 
this year asking survey groups to carry out one further process. 
This involves transferring a single colony of what they have 
identified as an E.coli from either the BUG or MAC+MUG -liters 
(preferably BUG) to a slope of nutrient agar. This is then sent to 
Farnborough for confirmatory identification. Apart from preserving 
the cualitv of our findings, this will also help us to answer the 
unfounded criticisms levelled at us by organisations such as the 
Tidy Britain Group about the 'unscientific' nature of our survey.
We have included a stamped addressed 'Jiffy bag containing a 
nutrient aoar slope and a number of disposable miciobiological 
loops in \ a c h  test-kit. This enables surveyors to return 
microbiological isolates to us at Farnborough in a safe and 
responsible way.
i. Inside the stamped addressed 'Jiffy bag' you will find a screw- 
capped tube containing a nutrient agar slope (with a blue label). 
Carefully unwrap the tube as it must be rewrapped in the same way 
to comply with postal regulations.
ii. Using one of the disposable loops provided, carefully pick 
off either an azure blue colony from a BUG filter or a yellow, 
fluorescing colony from a MAC+MUG filter, and inoculate it on to 
the nutrient agar slope. This is simply achieved by gently 
rubbing the charged loop on the nutrient agar surface.
iii. Please indicate on a label or the results form which medium 
the colony was taken from, plus any additional information you 
consider relevant.
iv. Dispose of the loop into disinfectant as described in 
Section D.
v. Tightly reseal the tube and wrap the Parafilm provided 
tightly around the cap.
vi. Rewrap the tube with the original padding and replace it 
within the 'Jiffy bag'. SEAL THIS WELL.
vii. Please remember to put your name and address on the reverse 
of the bag and return it to Farnborough as soon as possible.
REMEMBER-ONLY RETURN PRESUMED E.COLI COLONIES
Table 1 . Microbiological determinands in the EU bathing water
directive.
DETERMINANDS GUIDELINE LEVEL IMPERATIVE LEVEL
Total Coliforms 
per 100 ml
500# 10 000*
E. coli per 100 ml 100# 2000*
Faecal streptococci 
per 100 ml
100** -
Salmonella 
per 1 litre
- 0*
Enteroviruses 
per 10 litres
- 0*
* - imperative level must not be exceeded in 95% of samples
# - guideline level must not be exceeded in 80% of samples
** - guideline level must not be exceeded in 90% of samples
Table 2. Culture conditions for the various media.
Medium Colour
Code
Resuscitation Incubât:ion
Time
(hrs)
Temperature
(°C)
Time
(hrs)
. Temperature 
(°C)
BUG Green 4 30 18 37
MLS White 4 30 18 37
MAC+MUG Orange 4 30 18 37
S+B Red 4 37 44 44-45
OR S+B i 
one incu 
availabl
f only 
bator is 
e
48 37
BUG - selective medium for E.coli.
MLS - selective medium for coliforms and E.coli.
MAC+MUG - selective medium for E.coli.
g+B - selective medium for faecal streptococci.
NORWICH UNION COASTWATCH UK MICROBIOLOGICAL TEST-KIT - RESULTS
PLEASE SEND THESE RESULTS FORMS BACK EITHER WITH THE 
QUESTIONNAIRES AND THE E.COLI CONFIRMATION PACK.
NAME : ------ ----------------- - -----------------
ADDRESS :______ _ _________ _ _______________ _ ________
SAMPLE 1
NAME OF BLOCK :  _______________________ ___________
BLOCK CODE:____________  COUNTY CODE:_________  UNIT:
OS MAP REFERENCE:,__________   —
SITE DESCRIPTION:
SAMPLE 2
NAME OF BLOCK:______ ___________________________________
BLOCK CODE:______________ COUNTY CODE:___________  UNIT:
OS MAP REFERENCE :_____________________________
SITE DESCRIPTION: __________ ____________________
If only one sample is taken, complete only one set of site 
description details. However, enter the results for the 
different replicates in the separate sections below.
RESULTS
SAMPLE/REPLICATE 1
VOLUME
FILTERED (ML)
ACTUAL NUMBER 
OF COLONIES
COUNT PER 100 
ML
BUG
MUG
MLS
S+B
SAMPLE REPLICATE 2
VOLUME
FILTERED (ML)
ACTUAL NUMBER 
OF COLONIES
COUNT PER 100 
ML
BUG
MAC+MUG
MLS
S+B
E.COLI CONFIRMATION - SOURCE OF ISOLATE:
COMMENTS :
Appendix VIII
Sites surveyed for microbiological component
1992
LANCASHIRE
Lytham St Aimes, sandy shore of estuary
Lytham St Aimes, sewage outfall
Lytham St Aimes
Morecambe Bay
Rossall Beach
Chatsworth Beach
Fleetwood boating lake
Knott End on Sea
ISLE OF MAN
Kallow Point 
Kentraugh 
Chapel Beach 
Peel Beach promenade 
Peel Beach harbour 
Fenella Beach
LINCOLNSHIRE
Gibraltar Point 
Central Beach 
Ingoldmells Beach
NORFOLK
East Runton 
West Runton 
Sheringham 
Hemsby Gap 
Hemsby North Beach 
Winterton on Sea 
Waxham Beach 
Sea Palling 
Eccles Beach
ESSEX
Frinton Beach
THAMES ESTUARY
River Thames, Westminster Beach
KENT
Queensborough
Sheerness
Minster
Lydd
Littlestone golf course 
Dungerness
DORSET
Boscombe Pier 
Bournemouth Pier 
Branksome Chine 
Southbourne Beach 
Mudeford Spit 
Christchurch Harbour
DEVON
West side of Exe Estuary 
Dawlish Warren Beach 
Putsborough Beach 
Croyde Beach 
Saunton Sands 
Inflow into Seaton beach 
Seaton Beach
Sewage outfall from Downderry 
Salcombe ferry steps 
Salcombe North Sands 
Salcombe South Sands
CLEVELAND
Coatham Hotel
Redcar Lifeboat Slipway
Redcar Off Stray Paddling Pool
WEST SUSSEX
Pagham Beach 
Kings Beach 
Aldwich Beach
HAMPSHIRE
Hayling Island West
GWYNEDD
Northern end Barmouth promenade 
Caerddaniel caravan park beach 
Tal-y-bont beach
DYFED
Borth Sands 
CLWYD
Llandulas - Car park beach
Beach defences between exporting jetties
Old Colwyn
SOUTH GLAMORGAN
Penarth Beach - Power boat slipway
Yacht Club slipway 
Ball Bay (St Marys Well beach)
St Donats Bay slipway 
St Donats Bay East 
Stradling Bay
GRAMPIAN
Ythan Estaury - old lifeboat station
50 m east of sewage pipe
200 m west of road bridge on River Ythan beside car park 
The Inches
Mouth of River Ythan 
CHANNEL ISLANDS 
Guernsey 
Le Jaonnet
Saints Fishermens Mooring Slipway 
Telegraph Bay
HUMBERSIDE
Humberstone Fitties -
groyne near pier 
pool near leisure centre 
tidal stream
1993
LANCASHIRE
Lytham St Aimes 
Fleetwood
DEVON
Saunton Sands 
Croyde Bay
DYFED
Whitesands Bay 
Borth Sands
ISLE OF WIGHT
Colwell
Binnel Point/Reeth Bay
CORNWALL
Bude/Sandymouth
DORSET
Weymouth Bay 
Porlock Bay
Southbourne/Hengistbury Head 
Chesil Beach
THAMES ESTUARY
Southwark Bridge
HAMPSHIRE
Eastney
Lymington
WEST SUSSEX
Brighton and Hove
DEVON
Instow
North end of Instow Beach
CLEVELAND
Marske By Sea 
Saltburn
HUMBERSIDE
Cleethorpes
ESSEX
Frinton on Sea
EAST SUSSEX
Pevensey Bay
MERSEYSIDE
New Brighton 
Wallasey
NORFOLK
Hemsby Beach 
Winterton on Sea 
East/West Runton
TYNE & WEAR
Longsands/Cullercoats 
GRAMPIAN 
Nigg Bay
Collieston Harbour 
Ythan Estuary
SOUTH GLAMORGAN
St Donats Bay
Southerndown/Ogmore - 300m east of Ogmore River mouth
Penarth
WEST GLAMORGAN
Kenfig Sands
Appendix IX
Local authorities in England and Wales responding to consultation process 
concerning the National questionnaire
Arun District Council
Barrow Borough Council
Belfast City Council
Blyth Valley Borough Council
Carrick District Council
Cheshire County Council
Chichester District Council
City of Plymouth
Copeland Borough Council
Cumbria County Council
Delyn Borough Council
Eastbourne Borough Council
Ellesmere Port and Neston Borough Council
Great Yarmouth Borough Council
Gwent County Council
Hampshire County Council
Havant Borough Council
Holdemess Borough Council
Kerrier District Council
Lancashire County Council
Langburgh on Tees Borough Council
New Forest District Council
North Avon District Council
Northumberland County Council
Ruddlan Borough Council
Scarborough Borough Council
South Glamorgan County Council
South Lakeland District Council
South Pembrokeshire District Council
West Sussex County Council
West Dorset District Council
West Somerset District Council
Appendix X
Sites surveyed for investigation into seasonal variation and contingency tables 
showing the variation in the quantity of each litter item due to month and
region
ANOVA tables show variation in quantitiy of each litter item due to month and 
region; DF - Degrees of freedom; Seq SS - sequential sum of squares; Adj SS - 
adjusted sum of squares; Adj MS - adjusted mean squares
F = MS factor/MS error, where the factor is the month and the region
Sites surveyed in this component
Hayling Island - 1 unit 
Praa Sands - 2 units 
Porlock Bay - 2 units 
Ravenscar - 2 units 
Anderby Creek - 2 units 
Hele Bay - 1 unit 
Caister - 2 units 
Ramsgate - 6  units 
Goldcliff/Porton Ho - 2 units 
Hollesley Bay - 2 units 
Whitby - 6  units
Sanitary waste
Source DF Seq SS Adj SS Adj MS F P
Month 2 188.9 96.8 48.4 0.30 0.742
Region 4 2285.9 2285.9 571.5 3.54 0.011
Month*Region 8 455.2 455.2 56.9 0.35 0.941
Error 69 11133.0 11133.0 161.3
Total 83 14063
Paper drinks containers
Source DF Seq SS Adj SS Adj MS F P
Month 2 2315 653 327 0.20 0.821
Region 4 70730 70730 17682 10.69 0.000
Month*Region 8 12634 12634 1579 0.95 0.478
Error 69 114146 114146 1654
Total 83 199824
Can holders
Source DF Seq SS Adj SS Adj MS F P
Month 2 0.0952 0.0078 0.0039 0.00 0.996
Region 4 6.2472 6.2472 1.5618 1.65 0.171
Month*Region 8 1.9468 1.9468 0.2434 0.26 0.977
Error 69 65.2702 65.2702 0.9459
Total 83 73.5595
Glass
Source DF Seq SS Adj SS Adj MS F P
Month 2 58.786 34.600 17.300 2.52 0.088
Region 4 114.252 114.252 28.563 4.16 0.004
Month*Region 8 30.009 30.009 3.751 0.55 0.818
Error 69 473.846 473.846 6.867
Total 83 676.893
Medical waste
Source DF Seq SS Adj SS Adj MS F P
Month 2 0.1667 0.3428 0.1714 1.63 0.203
Region 4 0.5119 0.5119 0.1280 1.22 0.310
Month*Region 8 0.5000 0.5000 0.0625 0.60 0.778
Error 69 7.2381 7.2381 0.1049
Total 83 8.4167
Packing straps
Source DF Seq SS Adj SS Adj MS F P
Month 2 4.667 7.736 3.868 0.52 0.598
Region 4 34.975 34.975 8.744 1.17 0.331
Month*Region 8 117.733 117.733 14.717 1.97 0.063
Error 69 515.292 515.292 7.468
Total 83 672.667
Plastic bottles (drinks)
Source DF Seq SS Adj SS Adj MS F P
Month 2 2431.1 709.6 709.6 3.07 0.053
Region 4 2297.1 574.3 574.3 2.49 0.051
Month*Region 8 984.0 123.0 123.0 0.53 0.828
Error 69 15926.9 230.8 230.8
Total 83 21639.1
Potentially hazardous containers
Source DF Seq SS Adj SS Adj MS F P
Month 2 1.8810 1.4829 0.7415 1 .0 1 0.368
Region 4 1.2270 1.2270 0.3067 0.42 0.794
Month*Region 8 2.6492 2.6492 0.3312 0.45 0.885
Error 69 50.4810 50.4810 0.7316
Total 83 56.2381
Drinks cans
Source DF Seq SS Adj SS Adj MS F P
Month 2 44.10 38.39 19.19 0.24 0.785
Region 4 1705.12 1705.12 426.28 5.38 0 .0 0 1
Month*Region 8 321.40 321.40 40.17 0.51 0.847
Error 69 5465.34 5465.34 79.21
Total 83 7535.95
Appendix XI
Contingency tables showing number of units recorded with and without the 
various selected litter items in 1992. Data was collected from 4370 units.
Household refuse (Splash zone)
Sanitary 
materials 
(Splash zone)
Present Absent Total
Present 128 783 911
Absent 222 3237 3459
Total 350 4020 4370
Medical waste (Splash zone)
Sanitary 
materials 
(Splash zone)
Present Absent Total
Present 81 84 165
Absent 830 3375 4205
Total 911 3459 4370
Landfill materials (Splash zone)
Sanitary 
Materials 
(Splash zone)
Present Absent Total
Present 281 628 165
Absent 830 3375 4205
Total 911 3459 4370
Faeces (Splash zone)
Sanitary 
Materials 
(Splash zone)
Present Absent Total
Present 329 435 165
Absent 582 3024 4205
Total 911 3459 4370
Household refuse (Intertidal area)
Sanitary
Materials
(Intertidal
area)
Present Absent Total
Present 51 721 772
Absent 93 3505 3598
Total 144 4226 4370
Medical waste (Intertidal area)
Household
refuse
(Intertidal
area)
Present Absent Total
Present 3 88 91
Absent 141 4138 4279
Total 144 4226 4370
Sanitary material (Splash zone)
Medical waste 
(Splash zone)
Present Absent Total
Present 81 84 165
Absent 830 3375 4205
Total 911 3459 4370
Appendix XII
(a) Interim chi-square for medical waste items showing variation in quantities of each
particular item by year
P =  proportion o f total coastline surveyed; O =  observed numbers; E = ex p ected  numbers
Plasters Km P O E Chi-2 (O-E) per Km
1991 2043 0.22 6 133.22 121.49 -0.06
1992 2100.5 0.22 30 136.97 83.54 -0.05
1993 2053.5 0.22 266 133.90 130.32 0.06
1994 1728 0.18 163 112.68 22.47 0.03
1995 1460.5 0.16 147 95.23 28.14 0.04
TOTAL 9385.5 1.0 612 612 385.95
Bandages Km P O E Chi-2 (O-E) per Km
1991 2043 0.22 0 38.53 38.53 -0.02
1992 2100.5 0.22 2 39.61 35.71 -0.02
1993 2053.5 0.22 94 38.73 78.89 0.03
1994 1728 0.18 57 32.59 18.29 0.01
1995 1460.5 0.16 24 27.54 0.46 0.00
TOTAL 9385.5 1.0 177 177 171.88
Medical
cream
Km P O E Chi-2 (O-E) per Km
1991 2043 0.22 2 51.81 47.88 -0.02
1992 2100.5 0.22 3 53.27 47.43 -0.02
1993 2053.5 0.22 85 52.07 20.82 0.02
1994 1728 0.18 99 43.82 69.49 0.03
1995 1460.5 0.16 49 37.04 3.87 0.01
TOTAL 9385.5 1.0 238 238 189.49
Pill packets Km P O E Chi-2 (O-E) per Km
1991 2043 0.22 0 85.11 85.11 -0.04
1992 2100.5 0.22 30 87.51 37.79 -0.03
1993 2053.5 0.22 181 85.55 106.5 0.05
1994 1728 0.18 110 71.99 20.07 0.02
1995 1460.5 0.16 70 60.84 1.38 0.01
TOTAL 9385.5 1.0 391 391 250.85
Medicine
bottles
Km P 0 E Chi-2 (O-E) per Km
1991 2043 0.22 7 103.61 90.09 -0.05
1992 2100.5 0.22 14 106.53 80.37 -0.04
1993 2053.5 0.22 217 104.15 122.29 0.05
1994 1728 0.18 127 87.64 17.68 0.02
1995 1460.5 0.16 111 74.07 18.41 0.03
TOTAL 9385.5 1.0 476 476 328.84
Unspecified Km P O E Chi-2 (O-E) per Km
1991 2043 0.22 214 166.3 13.68 0.02
1992 2100.5 0.22 227 170.99 18.35 0.03
1993 2053.5 0.22 77 167.16 48.63 -0.04
1994 1728 0.18 246 140.66 78.88 0.06
1995 1460.5 0.16 0 118.89 118.89 -0.08
TOTAL 9385.5 1.0 764 764 278.43
Others Km P O E Chi-2 (O-E) per Km
1991 2043 0 . 2 2 28 117.76 68.42 -0.04
1992 2100.5 0 . 2 2 34 121.08 62.62 -0.04
1993 2053.5 0 . 2 2 196 118.37 50.92 0.04
1994 1728 0.18 95 99.61 0 .2 1 0 . 0 0
1995 1460.5 0.16 188 84.19 128.02 0.07
TOTAL 9385.5 1 .0 541 541 310.19
Analgesic spray Km P O E Chi-2 (O-E) per Km
1991 2043 0 . 2 2 0 13.06 13.06 -0 .0 1
1992 2100.5 0 . 2 2 2 13.43 9.73 -0 .0 1
1993 2053.5 0 . 2 2 39 13.13 50.99 0 .0 1
1994 1728 0.18 13 11.05 0.35 0 . 0 0
1995 1460.5 0.16 6 9.34 1.19 0 . 0 0
TOTAL 9385.5 1 .0 60 60 75.31
Drip bags Km P O E Chi-2 (O-E) per Km
1991 2043 0 .2 2 1 5.88 4.05 0 . 0 0
1992 2100.5 0 . 2 2 4 6.04 0.67 0 . 0 0
1993 2053.5 0 .2 2 8 5.91 0.74 0 . 0 0
1994 1728 0.18 5 4.97 0 0 . 0 0
1995 1460.5 0.16 9 4.20 5.48 0 . 0 0
TOTAL 9385.5 1 .0 27 27 10.96
Drip tubes Km P O E Chi-2 (O-E) per Km
1991 2043 0 . 2 2 1 5.66 3.84 0 . 0 0
1992 2100.5 0 .2 2 3 5.82 1.37 0 . 0 0
1993 2053.5 0 .2 2 1 0 5.69 3.27 0 . 0 0
1994 1728 0.18 6 4.79 0.31 0 . 0 0
1995 1460.5 0.16 6 4.05 0.94 0 . 0 0
TOTAL 9385.5 1 .0 26 26 9.72
Syringes Km P O E Chi-2 (O-E) per Km
1991 2043 0 . 2 2 42 139.31 67.97 -0.05
1992 2100.5 0 . 2 2 128 143.23 1.62 -0 .0 1
1993 2053.5 0 . 2 2 180 140.03 11.41 0 . 0 2
1994 1728 0.18 146 118.83 6.73 0 . 0 2
1995 1460.5 0.16 144 99.59 19.80 0.03
TOTAL 9385.5 1 .0 640 640 107.54
Inhalers Km P 0 E Chi-2 (O-E) per Km
1991 2043 0 . 2 2 17 65.3 35.73 -0 . 0 2
1992 2100.5 0 . 2 2 10 67.14 48.64 -0.03
1993 2053.5 0 . 2 2 145 65.64 95.95 0.04
1994 1728 0.18 48 55.23 0.95 0 . 0 0
1995 1460.5 0.16 80 46.68 23.78 0 . 0 2
TOTAL 9385.5 1 .0 300 300 205.04
(b) Contingency tables comparing medical waste items between regions
P, Proportion of total coastline surveyed; O, observed numbers; E, Expected 
numbers. Km surveyed remains the same for each item in each year and therefore the 
proportion for each country remains the same for each litter item.
1991
Km surveyed P O E Chi-2 (O-E) 
per Km
Syringes
England 1466 0.72 32 37.31 0.76 0
Wales 246 0.12 17 6.26 18.42 0.04
Scotland 244.5 0.12 3 6.21 1.67 -0.01
Northern
Ireland
86.5 0.04 0 2.2 2.2 -0.03
TOTAL 2043 1.0 52 52 23.06
Plasters
England 6 4.31 0.67 0.00
Wales 0 0.72 0.72 0.00
Scotland 0 0.72 0.72 0.00
Northern
Ireland
0 0.25 0.25 0.00
TOTAL 6.0 6.0 2.36
Inhalers
England 17 12.2 1.89 0.00
Scotland 0 2.05 2.05 -0.01
Wales 0 2.03 2.03 -0.01
Northern
Ireland
0 0.72 0.72 -0.01
TOTAL 17.0 17.0 6.69
Tubes of medical cream
England 2 1.44 0.22 0.0
Wales 0 0.24 0.24 0.0
Scotland 0 0.24 0.24 0.0
Northern
Ireland
0 0.08 0.08 0.0
TOTAL 2.0 2.0 0.79
1991 CONTINUED
Km surveyed P O E Chi-2 (O-E) per 
Km
Medicine bottles
England 1466 0.72 7 5.02 0.78 0.00
Wales 246 0.12 0 0.84 0.84 0.00
Scotland 244.5 0.12 0 0.84 0.84 0.00
Northern Ireland 86.5 0.04 0 0.3 0.30 0.00
TOTAL 2043 1.0 7.0 7.0 2.76
Unspecified
England 180 153.56 4.55 0.02
Wales 22 25.77 0.55 -0.02
Scotland 3 25.61 19.96 -0.09
Northern Ireland 9 9.06 0 0.00
TOTAL 214 214 25.07
Drip bags
England 1 0.72 0.11 0.00
Wales 0 0.12 0.12 0.00
Scotland 0 0.12 0.12 0.00
Northern Ireland 0 0.04 0.04 0.00
TOTAL 1 1 0.39
Other
England 23 20 0 0.00
Wales 4 3 0 0.04
Scotland 0 3 3 -0.01
Northern Ireland 1 1 0 -0.03
TOTAL 28 28 23.05
1992
Km surveyed P O E Chi-2 (O-E) per 
Km
Syringes
England 1357 0.65 26 82.69 38.87 -0.04
Wales 314.5 0.15 12 19.16 2.67 -0.02
Scotland 81 0.04 90 4.94 1465.95 1.05
Northern Ireland 348 0.17 0 21.21 21.21 -0.06
TOTAL 2100.5 1.0 128 128 1528.7
Plasters
England 3 4.52 0.51 0.00
Wales 1 1.05 0 0.00
Scotland 3 0.27 27.61 0.03
Northern Ireland 0 1.16 1.16 0.00
TOTAL 7.0 7.0 29.29
Inhalers
England 6 6.46 0.03 0.00
Scotland 4 1.5 4.18 0.01
Wales 0 0.39 0.39 0.00
Northern Ireland 0 1.66 1.66 0.00
TOTAL 10.0 10.0 6.26
Tubes of medical cream
England 1 1.94 0.45 0.0
Wales 2 0.45 5.35 0.0
Scotland 0 0.12 0.12 0.0
Northern Ireland 0 0.5 0.5 0.0
TOTAL 3.0 3.0 6.42
1992 CONTINUED
Km surveyed P O E Chi-2 (O-E) per Km
Medicine bottles
England 1357 0.65 1 1.94 0.45 0.00
Wales 314.5 0.15 2 0.45 5.35 0.00
Scotland 81 0.04 0 0.12 0.12 0.00
Northern Ireland 348 0.17 0 0.5 0.5 0.00
TOTAL 2100.5 1.0 3.0 3.0 6.42
Unspecified
England 147 146.65 0 0.00
Wales 51 33.99 8.52 0.05
Scotland 17 8.75 7.77 0.10
Northern Ireland 12 37.61 17.44 -0.07
TOTAL 227 227 33.72
Bandages
England 1 1.29 0.07 0.00
Wales 0 0.3 0.3 0.00
Scotland 1 0.08 11.04 0.01
Northern Ireland 0 0.33 0.33 0.00
TOTAL 2 2 11.74
Other
England 11 21.97 5.47 -0.01
Wales 19 5.09 38.0 0.04
Scotland 4 1.31 5.51 0.03
Northern Ireland 0 5.63 5.63 -0.02
TOTAL 34 34 54.63
1992 CONTINUED
Km surveyed P O E Chi-2 (O-E) per Km
Analgesic spray
England 1357 0.65 1 1.29 0.07 0.00
Wales 314.5 0.15 0 0.3 0.3 0.00
Scotland 81 0.04 1 0.08 11.04 0.01
Northern Ireland 348 0.17 0 0.33 0.33 0.00
TOTAL 2100.5 1.0 2.0 2.0 11.74
Drip bag
England 3 2.58 0.07 0.00
Wales 1 0.60 0.27 0.00
Scotland 0 0.15 0.15 0.00
Northern Ireland 0 0.66 0.66 0.00
TOTAL 4 4 1.15
Drip tubes
England 3 1.94 0.58 0.00
Wales 0 0.45 0.45 0.00
Scotland 0 0.12 0.12 0.00
Northern Ireland 0 0.50 0.50 0.00
TOTAL 2 3 1.64
Pill packets
England 21 19.38 0.14 0.00
Wales 9 4.49 4.52 0.01
Scotland 0 1.16 1.16 -0.01
Northern Ireland 0 4.97 4.97 -0.01
TOTAL 30 30 10.79
1993
Km surveyed P O E Chi-2 (O-E) per 
Km
Syringes
England 1424 0.69 125 124.82 0 0.00
Wales 273 0.13 36 23.93 6.09 0.04
Scotland 298 0.15 18 26.12 2.52 -0.03
Northern Ireland 58.5 0.03 1 5.15 3.32 -0.07
TOTAL 2053.5 1.0 180 180 11.94
Plasters
England 180 184.45 0.11 0.00
Wales 68 35.36 30.12 0.12
Scotland 16 39.6 13.23 -0.08
Northern Ireland 2 7.58 4.11 -0.10
TOTAL 266 266 47.57
Inhalers
England 108 100.55 0.55 0.01
Scotland 15 19.28 0.95 -0.02
Wales 22 21.04 0.04 0.00
Northern Ireland 0 4.13 4.13 -0.07
TOTAL 145 145 5.68
Tubes of medical cream
England 61 58.94 0.07 0.00
Wales 17 11.30 2.87 0.02
Scotland 6 12.34 3.25 -0.02
Northern Ireland 1 2.42 0.83 -0.02
TOTAL 85 85 7.03
1993 CONTINUED
Km surveyed P O E Chi-2 (O-E) per 
Km
Medicine bottles
England 1424 0.69 148 150.48 0.04 0.00
Wales 273 0.13 55 28.85 23.71 0.10
Scotland 298 0.15 14 31.49 9.71 -0.06
Northern Ireland 58.5 0.03 0 6.18 6.18 -0.11
TOTAL 2053.5 1.0 217 217 39.64
Unspecified
England 63 53.40 1.73 0.01
Wales 4 10.24 3.80 -0.02
Scotland 8 11.17 0.90 -0.01
Northern Ireland 2 2.19 0.02 0.00
TOTAL 77 77 6.45
Bandages
England 44 65.18 6.88 -0.01
Wales 10 12.50 0.50 -0.01
Scotland 40 13.64 50.93 0.09
Northern Ireland 0 2.68 2.68 -0.05
TOTAL 94 94 61.0
Other
England 155 135.92 2.68 -0.01
Wales 32 26.06 1.36 0.02
Scotland 8 28.44 14.69 -0.07
Northern Ireland 1 5.58 3.76 -0.08
TOTAL 196 196 22.49
1993 CONTINUED
Km surveyed P O E Chi-2 (O-E) per 
Km
Analgesic spray
England 1424 0.61 14 23.70 3.97 -0.01
Wales 273 0.12 24 4.54 83.30 0.07
Scotland 298 0.13 1 4.96 3.16 -0.01
Northern Ireland 58.5 0.15 0 5.79 5.79 -0.02
TOTAL 2243 1.0 39.0 39.0 96.23
Drip bag
England 4 5.55 0.43 0.00
Wales 2 1.06 0.82 0.00
Scotland 2 1.16 0.61 0.00
Northern Ireland 0 0.23 0.23 0.00
TOTAL 8 8 2.09
Drip tubes
England 8 6.93 0.16 0.00
Wales 1 1.33 0.08 0.00
Scotland 0 1.45 1.45 0.00
Northern Ireland 1 0.28 1.80 0.01
TOTAL 10 10 3.49
Pill packets
England 131 125.51 0.24 0.00
Wales 27 24.06 0.36 0.01
Scotland 23 26.27 0.41 -0.01
Northern Ireland 0 5.16 5.15 -0.09
TOTAL 181 181 6.16
1994
Km surveyed P O E Chi-2 (O-E) per 
Km
Syringes
England 1218.5 0.71 125 102.95 4.72 0.02
Wales 238.5 0.14 7 20.15 8.58 -0.06
Scotland 237 0.14 13 20.02 2.46 -0.03
Northern Ireland 34 0.02 1 2.87 1.22 -0.06
TOTAL 1728 1.0 146 146 16.99
Plasters
England 76 114.94 13.19 -0.03
Wales 12 22.50 4.90 -0.04
Scotland 25 22.36 0.31 0.01
Northern Ireland 50 3.21 682.71 1.38
TOTAL 163 163 701.11
Inhalers
England 40 33.85 1.12 0.01
Scotland 2 6.63 3.23 -0.02
Wales 5 6.58 0.38 -0.01
Northern Ireland 1 0.94 0 0.00
TOTAL 48 48 4.73
Tubes of medical cream
England 97 76.86 5.28 0.02
Wales 4 15.04 8.11 -0.05
Scotland 1 14.95 13.02 -0.06
Northern Ireland 7 2.14 10.99 0.14
TOTAL 109 109 37.39
1994 CONTINUED
Km surveyed P O E Chi-2 (O-E) per 
Km
Medicine bottles
England 1218.5 0.71 97 76.86 5.28 0.02
Wales 238.5 0.14 4 15.04 8.11 -0.05
Scotland 237 0.14 1 14.94 13.02 -0.06
Northern Ireland 34 0.02 7 2.14 10.99 0.14
TOTAL 1728 1.0 109 109 37.39
Unspecified
England 171 173.47 0.04 0.00
Wales 48 33.95 5.81 0.06
Scotland 27 33.74 1.35 -0.03
Northern Ireland 0 4.84 4.84 -0.14
TOTAL 246 246 12.03
Bandages
England 22 40.19 8.24 -0.01
Wales 1 7.87 5.99 -0.03
Scotland 15 7.82 6.60 0.03
Northern Ireland 19 1.12 285 0.53
TOTAL 57 57 305.83
Other
England 74 66.99 0.75 0.01
Wales 4 13.11 6.33 -0.04
Scotland 14 13.03 0.07 0.00
Northern Ireland 3 1.87 0.68 0.03
TOTAL 95 95 7.82
1994 CONTINUED
Km surveyed P O E Chi-2 (O-E) per 
Km
Analgesic spray
England 1218.5 0.71 12 9.17 0.88 0.00
Wales 238.5 0.14 1 1.79 0.35 0.00
Scotland 237 0.14 0 1.78 1.78 -0.01
Northern Ireland 34 0.02 0 0.26 0.26 -0.01
TOTAL 1728 1.0 13.0 13.0 3.27
Drip bag
England 5 3.53 0.62 0.00
Wales 0 0.69 0.69 0.00
Scotland 0 0.69 0.69 0.00
Northern Ireland 0 0.10 0.1 0.00
TOTAL 5 5 2.09
Drip tubes
England 6 4.23 0.74 0.00
Wales 0 0.83 0.83 0.00
Scotland 0 0.82 0.82 0.00
Northern Ireland 0 0.12 0.12 0.00
TOTAL 6 6 2.51
Pill packets
England 78 77.57 0 0.00
Wales 9 15.18 2.52 -0.03
Scotland 20 15.09 1.60 0.02
Northern Ireland 3 2.16 0.32 0.02
TOTAL 110 110 4.44
1995
Km surveyed P O E Chi-2 (O-E) per 
Km
Syringes
England 979 0.69 126 99.66 6.96 0.03
Wales 165 0.12 7 16.80 5.71 -0.06
Scotland 235.5 0.17 9 23.97 9.35 -0.06
Northern Ireland 35 0.02 2 3.56 0.69 -0.04
TOTAL 1414.5 1.0 144 144 22.71
Plasters
England 122 101.74 4.03 0.02
Wales 4 17.15 10.08 -0.08
Scotland 19 24.47 1.22 -0.02
Northern Ireland 2 3.64 0.74 -0.05
TOTAL 147 147 16.08
Inhalers
England 61 56.41 0.37 0.01
Wales 11 11.04 0 0.01
Scotland 7 10.97 1.44 -0.03
Northern Ireland 1 1.57 0.21 -0.03
TOTAL 80 80 2.02
Tubes of medical cream
England 35 33.91 0.03 0.00
Wales 3 5.72 1.29 -0.02
Scotland 7 8.16 0.16 0.00
Northern Ireland 4 1.21 6.41 0.08
TOTAL 49 49 7.90
1995 CONTINUED
Km surveyed P O E Chi-2 (O-E) per 
Km
Medicine bottles
England 979 0.69 83 76.83 0.5 0.01
Wales 165 0.12 7 12.95 2.73 -0.04
Scotland 235.5 0.17 18 18.48 0.01 0.00
Northern Ireland 35 0.02 3 2.75 0.02 0.01
TOTAL 1414.5 1.0 111 111 3.26
Unspecified
England 0 0 0 0.00
Wales 0 0 0 0.00
Scotland 0 0 0 0.00
Northern Ireland 0 0 0 0.00
TOTAL
Bandages
England 16 16.61 0.02 0.00
Wales 8 2.80 9.66 0.03
Scotland 0 4 4 -0.02
Northern Ireland 0 0.59 0.59 -0.02
TOTAL 24 24 14.27
Other
England 61 130.12 36.72 -0.07
Wales 6 21.93 11.57 -0.10
Scotland 120 31.30 251.36 0.38
Northern Ireland 1 4.65 2.87 -0.10
TOTAL 188 188 302.52
1995 CONTINUED
Km surveyed P O E Chi-2 (O-E) per 
Km
Analgesic spray
England 979 0.69 4 4.15 0.01 0.00
Wales 165 0.12 1 0.70 0.13 0.00
Scotland 235.5 0.17 1 1.0 0.00 0.00
Northern Ireland 35 0.02 0 0.15 0.15 0.00
TOTAL 1414.5 1.0 6.0 6.0 0.28
Drip bag
England 7 6.23 0.10 0.00
Wales 0 1.05 1.05 -0.01
Scotland 2 1.50 0.17 0.00
Northern Ireland 0 0.22 0.22 -0.01
TOTAL 9 9 1.54
Drip tubes
England 2 4.15 1.12 0.00
Wales 4 0.70 15.56 0.02
Scotland 0 1.00 1.00 0.00
Northern Ireland 0 0.15 0.15 0.00
TOTAL 6 6 17.82
Pill packets
England 58 48.45 1.88 0.01
Wales 2 8.17 4.66 -0.04
Scotland 9 11.65 0.60 -0.01
Northern Ireland 1 1.73 0.31 -0.02
TOTAL 70 70 7.45
Appendix XIII
Litter recorded on all regions around the UK
Contingency tables showing interim chi-square values between regions 
Km - Kilometres surveyed; P - Proportion of coastline surveyed in each region 
compared with the total Km surveyed; O - Observed Numbers; E - Expected 
Numbers.
Regions - England - NW, North West; NE, North East; E, East; SE, South East. 
NI, Northern Ireland; Cl, Channel Islands;
Chi- 2 =  Sum of (Observed - Expected)2/ Expected
Sanitary waste 1992 ______________________________________
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 348 0.16 13344 3889 22983 27.17
NE 76.5 0.04 1502 855 490 8.46
E 203.5 0.10 879 2274 856 -6.86
SE 413 0.19 431 4616 3794 -10.13
SW 489 0.23 1976 5465 2228 -7.14
Wales 314.5 0.15 3145 3515 39 -1.18
NI 81 0.04 39 905 829 -10.69
Cl 30.5 0.01 12 341 317 -10.78
NW 175 0.08 2489 1956 145 3.05
TOTAL 2131 1.0 23817 23817 31681
Sanitary waste 1993
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 298 0.14 13940 12015 309 6.46
NE 109.5 0.05 2583 4415 760 -16.73
E 198.5 0 . 1 0 2474 8003 3820 -27.85
SE 446.5 0 .2 1 4583 18002 10003 -30.05
SW 501.5 0.24 1057 20219 18161 -38.21
Wales 273 0.13 1623 11007 8000 -34.37
NI 58.5 0.03 16 2359 2327 -40.04
Cl 26.5 0 .0 1 54 1068 963 -38.28
NW 168 0.08 57531 6773 380361 302.13
TOTAL 2080 1 .0 83861 83861 424703
Sanitary waste 1994
Region Km P O E Chi-2 (O-E) per 
Km
Scotland 237 0.14 15736 4891 24050 45.76
NE 95.5 0.05 1907 1971 2 -0.67
E 151.5 0.09 840 3126 1672 -15.09
SE 410.5 0.24 2468 8471 4254 -14.62
SW 397 0.23 1 2 0 1 8192 5966 -17.61
Wales 238.5 0.14 877 4922 3324 -16.96
NI 34 0 . 0 2 8 8 8 702 50 5.48
Cl 13 0 .0 1 0 268 268 -20.64
NW 164 0.09 1 2 0 1 0 3384 21985 52.60
TOTAL 1741 1 .0 25927 35927 61571
Drinks cans 1992
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 348 0.16 9344 6176 1625 9.10
NE 76.5 0.04 1051 1358 69 -4.01
E 203.5 0 . 1 0 3793 3611 9 0.89
SE 413 0.19 6960 7329 19 -0.89
SW 489 0.23 5453 8678 1199 -6.60
Wales 314.5 0.15 6365 5581 1 1 0 -2.49
NI 81 0.04 1579 1437 14 -1.75
Cl 30.5 0 .0 1 157 541 273 -12.60
NW 175 0.08 3116 3106 0 0.06
TOTAL 2131 1 .0 37818 37818 3318
Drinks cans 1993
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 298 0.14 15761 12521 838 10.87
NE 109.5 0.05 1319 4601 2341 -29.97
E 198.5 0 .1 0 2442 8340 4171 -29.71
SE 446.5 0 .2 1 7927 18761 6256 -24.26
SW 501.5 0.24 6067 21071 10684 -29.92
Wales 273 0.13 5590 11471 3015 -21.54
NI 58.5 0.03 1704 2458 231 -12.89
Cl 26.5 0 .0 1 257 1113 659 -32.32
NW 168 0.08 46328 7059 218460 233.75
TOTAL 2080 1 .0 87395 87395 246655
Drinks cans 1994
Region Km P O E Chi-2 (O-E) per 
Km
Scotland 237 0.14 6225 4231 940 8.41
NE 95.5 0.05 853 1705 426 -8.92
E 151.5 0.09 1909 2705 234 -5.25
SE 410.5 0.24 7679 7329 17 0.85
SW 397 0.23 4812 7088 731 -5.73
Wales 238.5 0.14 4807 4258 71 2.30
NI 34 0 .0 2 1081 607 370 13.94
Cl 13 0 .0 1 23 232 188 -16.08
NW 164 0.09 3693 2928 2 0 0 4.67
TOTAL 1741 1 .0 31082 31082 3167
Potentially hazardous containers 1992
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 348 0.16 245 364 39 -0.34
NE 76.5 0.04 39 80 2 1 -0.54
E 203.5 0 . 1 0 94 213 6 6 -0.58
SE 413 0.19 1 1 0 2 432 1038 1.62
SW 489 0.23 335 512 61 -0.36
Wales 314.5 0.15 267 329 1 2 -0 . 8 6
NI 81 0.04 15 85 57 -0 . 8 6
Cl 30.5 0 .0 1 23 32 2 -0.29
NW 175 0.08 1 1 0 183 29 -0.42
TOTAL 2131 1 .0 2230 2230 1326
Potentially hazardous containers 1993
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 298 0.14 311 182 92 0.43
NE 109.5 0.05 36 67 14 -0.28
E 198.5 0 . 1 0 158 121 11 0.19
SE 446.5 0 .2 1 291 273 1 0.04
SW 501.5 0.24 146 306 11 -0 .1 1
Wales 273 0.13 2 1 167 3 -0.08
NI 58.5 0.03 3 36 6 -0.25
Cl 26.5 0 .0 1 55 16 11 -0.50
NW 168 0.08 1270 103 2 2 0.28
TOTAL 2080 1 .0 83861 1270 170
Potentially hazardous containers 1994
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 237 0.14 502 2 1 0 405 1.23
NE 95.5 0.05 89 85 0 0.05
E 151.5 0.09 138 134 0 0 . 0 2
SE 410.5 0.24 197 364 77 -0.41
SW 397 0.23 251 352 29 -0.25
Wales 238.5 0.14 1 2 2 2 1 2 38 -0.38
NI 34 0 .0 2 31 30 0 0 . 0 2
Cl 13 0 .0 1 0 12 1 2 -0.89
NW 164 0.09 214 145 32 0.42
TOTAL 1741 1 .0 1544 1544 593
Medical waste 1992
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 348 0.16 147 135 1 0.04
NE 76.5 0.04 6 30 19 -0.31
E 203.5 0 . 1 0 85 79 0 0.03
SE 413 0.19 421 160 426 0.63
SW 489 0.23 34 189 127 -0.32
Wales 314.5 0.15 105 1 2 2 2 -0.05
NI 81 0.04 1 0 31 15 -0.26
Cl 30.5 0 .0 1 0 12 1 2 -0.39
NW 175 0.08 17 6 8 38 -0.29
TOTAL 2131 - 1 .0 825 825 641
Medical waste 1993
Region Km P O E Chi-2 (O-E) per 
Km
Scotland 298 0.14 195 166 5 0 . 1 0
NE 109.5 0.05 44 61 5 -0.16
E 198.5 0 . 1 0 94 1 1 1 3 -0.08
SE 446.5 0 .2 1 159 249 33 -0 . 2 0
SW 501.5 0.24 151 280 59 -0.26
Wales 273 0.13 219 152 29 0.24
NI 58.5 0.03 16 33 8 -0.28
Cl 26.5 0 .0 1 2 15 11 -0.48
NW 168 0.08 281 94 374 1 .1 1
TOTAL 2080 1 .0 1161 1161 527
Medical waste 1994
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 237 0.14 502 2 1 0 405 1.23
NE 95.5 0.05 89 85 0 0.05
E 151.5 0.09 138 134 0 0 . 0 2
SE 410.5 0.24 197 364 77 -0.41
SW 397 0.23 251 352 29 -0.25
Wales 238.5 0.14 1 2 2 2 1 2 38 -0.38
NI 34 0 . 0 2 31 30 0 0 . 0 2
Cl 13 0 .0 1 0 12 12 -0.89
NW 164 0.09 214 145 32 0.42
TOTAL 1741 1 .0 1544 1544 593
Packing straps 1993
Region Km P O E Chi-2 (O-E) per 
Km
Scotland 298 0.14 841 959 14 -0.40
NE 109.5 0.05 381 352 2 0.26
E 198.5 0 . 1 0 663 639 1 0 . 1 2
SE 446.5 0 .2 1 1772 1437 78 0.75
SW 501.5 0.24 1060 1613 187 -1 .1 0
Wales 273 0.13 1248 878 156 -1.35
NI 58.5 0.03 69 188 76 -2.04
Cl 26.5 0 .0 1 39 85 25 -1.75
NW 168 0.08 615 541 1 0 0.44
TOTAL 2080 1 .0 6692 6692 550
Packing straps 1994
Region Km P 0 E Chi-2 (O-E) per 
Km
Scotland 237 0.14 705 993 83 -1 .2 1
NE 95.5 0.05 290 400 30 -1.15
E 151.5 0.09 1126 635 380 3.24
SE 410.5 0.24 1774 1720 173 -1.33
SW 397 0.23 1379 1663 49 -0.72
Wales 238.5 0.14 831 999 28 -0.70
NI 34 0 . 0 2 80 142 27 -1.84
Cl 13 0 .0 1 6 54 43 -3.73
NW 164 0.09 1702 687 1500 6.19
TOTAL 1741 1 .0 7293 7293 2314
Paper drinks containers 1993
Region Km P 0 E Chi-2 (O-E) per 
Km
Scotland 298 0.14 8788 8049 6 8 -2.48
NE 109.5 0.05 2762 2958 13 -1.79
E 198.5 0 . 1 0 4524 5362 131 -4.22
SE 446.5 0 .2 1 13132 12060 95 2.40
SW 501.5 0.24 7676 13546 2544 -11.70
Wales 273 0.13 4329 7374 1257 -11.15
NI 58.5 0.03 782 1580 403 -13.64
Cl 26.5 0 .0 1 190 716 386 -19.84
NW 168 0.08 13999 4538 19727 56.32
TOTAL 2080 1 .0 56182 56182 24624
Paper drinks containers 1994
Region Km P O E Chi-2 (O-E) per 
Km
Scotland 237 0.14 1160 1127 1 0.14
NE 95.5 0.05 160 454 190 -3.08
E 151.5 0.09 1108 720 209 2.56
SE 410.5 0.24 1835 1951 7 -0.28
SW 397 0.23 983 1887 433 -2.28
Wales 238.5 0.14 657 1134 2 0 0 -2 . 0 0
NI 34 0 . 0 2 395 162 337 -6 . 8 6
CI 13 0 .0 1 0 62 62 -4.75
NW 164 0.09 1978 780 1842 7.31
TOTAL 1741 1 .0 8276 8276 3282
Glass 1993
Region Km P O E Chi-2 (O-E) per 
Km
Scotland 298 0.14 4752 2778 1402 5.67
NE 109.5 0.05 245 874 453 -5.75
E 198.5 0 . 1 0 1520 1585 3 -0.33
SE 446.5 0 .2 1 1919 3565 760 -3.69
SW 501.5 0.24 2297 3313 312 -2.45
Wales 273 0.13 1262 2511 621 -3.97
NI 58.5 0.03 775 647 25 -1.58
CI 26.5 0 .0 1 32 244 184 -6.93
NW 168 0.08 4112 1397 5275 15.51
TOTAL 2080 1 .0 16914 16914 9034
Glass 1994
Region Km P o E Chi-2 (O-E) per 
Km
Scotland 237 0.14 1225 776 260 1.89
NE 95.5 0.05 83 313 169 -2.41
E 151.5 0.09 826 496 219 2.18
SE 410.5 0.24 1232 1344 9 -0.27
SW 397 0.23 639 1300 336 -1 .6 6
Wales 238.5 0.14 552 781 67 -0.96
NI 34 0 . 0 2 73 11 1 13 -1.13
Cl 13 0 .0 1 4 43 35 -2.97
NW 164 0.09 1067 537 523 3.23
TOTAL 1741 1 .0 5701 5701 1632
Plastic drinks bottles 1993
Region Km P O E Chi-2 (O-E) per 
Km
Scotland 298 0.14 20239 8553 15966 39.21
NE 109.5 0.05 2706 3143 61 -3.99
E 198.5 0 . 1 0 5534 5697 5 -0.82
SE 446.5 0 .2 1 8735 12815 1299 -9.14
SW 501.5 0.24 9695 14394 1534 -9.37
Wales 273 0.13 6771 7836 145 -3.90
NI 58.5 0.03 1704 1679 0 0.43
Cl 26.5 0 .0 1 204 761 407 -2 1 . 0 2
NW 168 0.08 4112 4822 105 -4.23
TOTAL 2080 1 .0 59700 59700 19521
Plastic drinks bottles 1994
Region Km P O E Chi-2 (O-E) per 
Km
Scotland 237 0.14 7049 5599 376 6 . 1 2
NE 95.5 0.05 2130 2256 7 -1.32
E 151.5 0.09 3044 3579 80 -3.53
SE 410.5 0.24 8783 9697 8 6 -2.23
SW 397 0.23 6691 9378 770 -6.77
Wales 238.5 0.14 6859 5634 266 5.14
NI 34 0 . 0 2 736 803 6 -1.97
Cl 13 0 .0 1 8 8 307 156 -16.85
NW 164 0.09 5748 3874 906 11.43
TOTAL 1741 1 .0 41128 41128 2653
Plastic can holders 1993
Region Km P O E Chi-2 (O-E) per 
Km
Scotland 298 0.14 404 337 13 0 . 2 2
NE 109.5 0.05 118 124 0 -0.05
E 198.5 0 . 1 0 156 224 2 1 -0.34
SE 446.5 0 .2 1 396 505 23 -0.24
SW 501.5 0.24 423 567 37 - 0.29
Wales 273 0.13 334 309 2 - 0.09
NI 58.5 0.03 90 6 6 9 0.41
Cl 26.5 0 .0 1 4 30 2 2 -0.98
NW 168 0.08 427 190 296 1.41
TOTAL 2080 1 .0 2352 2352 424
